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ABSTRACT 
 
The goal of this project is to develop liquid chromatography tandem mass 
spectrometry (LC/MS/MS) methods for the analysis of different, novel micropollutants in 
wastewater and natural water.  Micropollutants are compounds that can exert adverse 
environmental and human health effects at low concentrations.  Most of these compounds 
include personal care products and pharmaceuticals, such as antibiotics and controlled 
substances. In the first part of this study, we focused in the analysis of illicit drugs and 
drug metabolites because these analyses have the potential to serve as markers of drug 
abuse.  We have detected thirteen different illicit drugs and their metabolites in 
wastewater taken from a small school campus in northern Illinois.  The most abundant 
and consistent drugs found in the wastewater were cannabinol and amphetamine. The 
concentrations of these drugs are being monitored at regular time intervals for the 
purpose of determining the total drug consumption of a targeted population.  This type of 
drug testing (of small, demographically well-defined populations) has the potential to 
provide a more accurate snapshot of drug use than surveys (which are currently used) that 
rely on self-reporting.  The information about drug consumption acquired through 
wastewater testing can inform public health initiatives and anti-drug campaigns without 
being personally invasive.   The success of these initiatives can be measured by making 
wastewater measurements before and after they are undertaken.
 xv 
 
In the second part of this study, we developed a method that would allow us to 
determine the identities of unknown or novel chemicals contributing to water pollution. 
We applied full scan tandem mass spectrometric techniques such as constant neutral loss 
scan and precursor ion scan to detect novel pollutants in water. We detected over 160 
glucuronides metabolites and over 60 chlorinated organic compounds in influents by 
constant neutral loss scanning method. Then by two different precursor ion scanning 
methods, we detected over 80 chlorinated organic compounds in influents. In the Lake 
water samples, we detected about 36 glucuronide metabolites and about 22 chlorinated 
organic compounds which were analyzed by constant neutral loss and precursor ion scan 
methods respectively. The identities of these compounds may be inferred through 
accurate mass analysis of molecule and product ions.  Once the identity of a potential 
pollutant is determined, quantification in water may be done by isotope dilution mass 
spectrometry. We anticipate many of these micropollutants (derived from 
pharmaceuticals and personal care products) may exert adverse effects on biota and 
humans at low concentrations upon continuous exposure from sources such as drinking 
water.  
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CHAPTER ONE 
MICROPOLLUTANTS IN WATER 
Micropollutants can be organic trace compounds or heavy metals (inorganic 
micropollutants, cadmium, mercury, lead) that can exert adverse environmental and 
human health effects at low concentrations and they are an emerging issue. In contrast 
macropollutants (inorganic nitrogen, phosphate, benzene, toluene, ethylbenzene, xylene 
etc) are orders of magnitude higher than the micropollutants1 and compared to 
micropollutants, the originated source, spatial extent, behavior as well as remediation of 
macropollutants are relatively well known. Our discussion here is mainly focused on 
organic micropollutants which consist of broad range of substances. 
 Pesticides and other persistent organic compounds such as polychlorinated 
biphenyls (PCBs), brominated flame retardants (BFR) and polyaromatic hydrocarbons 
(PAHs) are widely studied micropollutants and considerable data are available2. 
Pharmaceuticals and personal care products (PPCPs-including illicit drugs discussed in 
chapter 2) are relatively new class of environmental contaminants, which have become a 
subject of worldwide concern. These compounds are entered the aquatic environment 
mainly through the treated and untreated wastewater3. Huge consumption of these 
products throughout the world leads to the accumulation of such compounds in the 
aquatic system. PPCPs are ubiquitous in the environment. Pharmaceuticals, 
                                                                                                                                                                       2     
 
steroids as well as active ingredients in personal care products have been detected in the 
environment and considerable number of these micropollutants may also have the ability  
to alter the natural hormone function in the body known as endocrine-disruptors3
-5. 
Improved hygiene as well as new medications has increased the life expectancy of people 
in the developed countries. This reduced the death total due to the infectious diseases. 
However, deaths due to cancers, strokes, heart diseases and diabetics are increased. 
PPCPs in the environment may at least partially play a role in this issue6. Selected 
organic micropollutants are outlined next. 
Pesticides 
 Depending on the target, pesticides can be categorized mainly as herbicides, 
insecticides and fungicides. All these kinds of pesticides are used widely throughout the 
world. In the US alone over a billion pounds of pesticides are used in a year with a cost of 
over 8 billion dollars7. Atrazine, alachlor and metolachlor are among the most commonly 
used and detected pesticides in aqueous systems throughout the world and are with 
agricultural origin. However, there are non-agricultural use of pesticides such as diuren 
and irgarol in highways, railroads etc.8. Approximately 860 active compounds belong to 
more than 100 different classes is currently formulated in the pesticide manufacturing 
process9
,10. Their environmental impact is huge. Even though these compounds are a 
widely studied as environmental contaminants there may be unknown metabolites present 
in the aqueous system which may cause more harm to the ecosystem.  
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PCBs  
 PCBs are well-known compounds of concern and these were included in the 
priority pollutants in USA and Europe several years back and banned in 1970s. These 
compounds are still present in the environment11
,12 because of their extremely high 
resistance for the degradation. 
Flame retardants 
 Flame retardants are another group of environmental contaminants which are used 
in flame proofing of building material as well as in many textiles. These substances can 
be entering into surface or wastewater during the process of washing, cleaning, and 
demolition etc.13-15. In the past, lipophilic polybrominated diphenyl ethers (PBDEs) have 
been used in flame retardants. These compounds were sorbed into the sludge because of 
their higher lipophilicity. While many of these compounds are currently banned, residues 
are still detectible in elevated concentrations2. In contrast to lipophilic flame retardants 
organophosphate flame retardants are more hydrophilic and hence found in water rather 
than sludge16. The detection of flame retardants in marine water indicates that it as the 
final destination for these types of compounds17.  
PAHs 
 PAHs are aromatic compounds with 2 or more fused ring structures. Naphthalene, 
anthracene, phenanthrene, pyrene and benzo[a]pyrene are examples18. These compounds 
are derived from both anthropogenic sources such as vehicle emissions, asphalt 
pavements, heating appliances and natural sources such as high temperature incomplete 
combustion of fossil fuels19. Higher stability and lower solubility in water leads to 
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persistence in the environment20. Carcinogenic and mutagenic properties of more 
complex PAHs are a major concern21. PAHs are not only ubiquitous in nature but also 
they are persistent chemicals which makes permanent threat to the mankind. US EPA 
(Unites States Environmental Protection Agency) recommends continuous monitoring of 
16 PAHs in water since primary route of human exposure to PAHs is contaminated 
water22.   
Disinfection by-products (DBPs) 
Disinfection of water is very important public health advancement in the 20
th
 
century which results in reduction of waterborne diseases. In the US disinfection of water 
reduces cholera, typhoid amoebic dysentery incidence by 90%, 80% and 50% 
respectively23. Disinfectants (e.g. chlorine, ozone, chloramines, and chlorine dioxide) are 
strong oxidizing agents which can oxidize natural anthropogenic matter in water and 
unintentionally generate another class of environmental contaminants called DBPs24
,25.  
Even though some studies indicate the potential reproductive and developmental effects 
due to chemically disinfected drinking water, it is still unclear which DBPs responsible 
for these issues26. Over 500 different DBPs were identified in drinking water or by 
laboratory reactions of disinfectants with natural organic matter present in water27. 
However, there are significant amounts of unidentified DBPs. More than half of the 
organic halides in chlorinated drinking water have not been detected28. Chlorinated by 
products of Bisphenol A (BPA)29, 17α-ethynylestradiol-an oral contraceptive30, 17β-
estradiol-a natural hormone31 were investigated by laboratory experiments. Structures of 
identified chlorinated compounds are shown in figure 124.  
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Bisphenol A                                     17α-ethynylestradiol 
 
                                                
                       
                 17β-estradiol 
Figure 1. Possible positions of chlorination of bisphenol A, 17α-ethynylestradiol and 
chlorinated products of 17β-estradiol. 
 
PPCPs  
 PPCPs are a class of emerging contaminants, which are considered as previously 
unknown or unrecognized pollutants in the environment, even though these compounds 
are present in the environment for a long time3
,32. PPCPs have become a major concern in 
environmental chemists since these are present in the wastewater, treated wastewater, 
surface water, and ground water as well as in some cases in drinking water too with a 
concentrations range from ng/L to ug/L levels10
,33-35 and many of these are extremely 
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biologically active. Large amount of pharmaceuticals are prescribed in medical care and 
also they are sold over-the-counter in larger quantities. Even though pharmaceuticals are 
already used in huge quantities throughout the world, it is expected to increase due to the 
increasing population, increasing consumption as well as some other factors36.   In US 
pharmaceutical industry alone, more than 300 new medicines were approved by the food 
and drug administration in the last decade37.  
 A wide range of personal care products are also used in our daily lives. 
Fragrances and musks (perfumes, cosmetics, deodorants, sunscreens, washing and 
cleaning agents) are used quite widely throughout the world. Most of these compounds 
are poorly soluble in water and highly lipophilic. Detergents (laundry powders, 
dishwashing liquids, laundry liquid soap, shampoos, shower gels, bubble bath, foot 
pastes) consists of surface active compounds, which are designed to have higher 
solubility and cleaning properties. Surfactants are also important ingredients in 
pharmaceuticals. Disinfectants (soaps, cosmetics, laundry detergents) include sodium 
hypochlorite, triclocarbon, and triclosan.  Both triclocarbon and triclosan are rich in 
chlorides with aromatic structures which will contribute to their environmental 
persistence6. 
 Unlike agrochemicals, most of the PPCPs are discharged into the environment 
continuously via domestic and industrial sewage systems as well as wet weather runoff. 
Followed by the consumption, biologically active compounds are metabolized by the 
consumer and then the unchanged parent compound and other metabolites excreted into 
the sewage system. Most of these PPCPs are partially eliminated when they are passed 
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through the WWTPs. The polar pollutants are discharged into the effluent water and non-
polar PPCPs sorbed onto sludge. This is because of their limited biodegradability38. The 
excreted metabolites and unchanged parent compounds can be further transformed into 
other products in the sewage system. Many of these compounds can survive 
biodegradation and ultimately ended up in the receiving water and also those can even 
conjugate back to their free parent forms3. Pharmaceuticals are present in the 
environment below the therapeutic dosage use in human and veterinary medicines since 
those are diluted to a concentration level where toxicity for human health and aquatic life 
is not given. These pharmaceuticals are designed to have a specific mode of action and 
also they are biological active. Toxicity is not always related to the mode of action and 
most of the time the side effects can play the major role in the environment39. Further 
their biological activity and persistence of the environment are important factors. In 1998 
Kumerer studied adsorable organically bound halogens (AOX) in the effluents of six 
hospitals. These halogenated compounds are persistent in the environment, accumulate in 
the food chain and also may be toxic to humans and other organisms. It was found that 6-
11 % of AOX in these samples were attributable to pharmaceutically active compounds38.   
Jjemba reported that out of the 80 PPCPs examined, 31% contained halogen in the form 
of chloride, bromide or fluoride41.  Even though risk associated with PPCPs in the 
environment is still remain under investigation, risks associated with some chlorinated 
hydrocarbons (insecticides) and other industrial chemicals such as DDT, PCBs and PAHs 
on wildlife are well known42,43.  
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The first study of the pharmaceuticals in treated wastewater was carried out in 
1970s.  Clofibric acid is the active metabolite of the three different lipid regulators 
clofibrate, etofyllin slofibrate and etofibrate.  Clofibric acid was detected in US treated 
wastewater in ng/mL concentration levels44,45. The prescription rates of pharmaceuticals 
as well as their persistence can determine how rapidly they accumulate in the 
environment46,47. For example some of the relatively readily degradable pharmaceuticals 
such as ibuprofen and diclofenac are detected in aquatic environments48. This is because 
of their high rate of infusion into the environment due to significantly high usage.  
However their transformation rate as well as their removal rate is slower or equal to the 
introduction rates which are termed as pseudo-persistent contaminants49.  
 Antibiotics, lipid regulators, anti-inflammatories, antiepileptics, tranquillizers, 
contrast media as well as contraceptives are the largest group of PPCPs found in sewage 
treatments plants50. Antibiotics are an important class of pharmaceuticals widely used in 
both human and veterinary medicine. The presence of these compounds in the aquatic 
environment is a concern because of the potential ecosystem alteration because they 
encourage the selective proliferation of antibiotic resistance bacteria51. Antibacterial 
drugs such as clarithromycin, tylosin, hydro-erythromycin, roxithromycin, lincomycin, 
sulfamethoxazole, sulfadimethoxine, sulfamethazine, sulfathiazole ciprofloxacin, 
norfloxacin, enrofloxacin, chloramphenicol and trimethoprim are detected in low µg/L in 
sewage as well as in surface waters. Penicillins and tetracyclines are another two 
important groups of antibacterial drugs which were detected in sewage52
-56.  
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Micropollutants in urban water cycle 
 PPCPs as well as other organic micropollutants have been detected in relatively 
higher concentration in municipal wastewater. This suggests that the major disposal 
pathway for these compounds is wastewater. Many of the organic micropollutants have a 
relative higher biological and chemical persistence due to their limited sorption 
properties, and also because of their higher water solubility leads to their escaping from 
the common treatment processes in WWTPs. Since modern WWTPs are not designed to 
remove PPCPs and other emerging contaminants, they make their way into receiving 
water bodies including rivers and streams. Different exposure routes of micropollutants 
including PPCPs into sewage and aquatic environments are shown in Figure 2.  If 
drinking water is produced from this contaminated water, these substances can be present 
in drinking water too57.  
Several studied reported the presence of organic micropllutants in drinking water. 
Clofibric acid in concentrations up to 0.27 ng/ml was detected in Berlin drinking water58. 
Benotti et al. detected 51 different emerging contaminants in US drinking water and 
accompanying source water in between 2006 and 2007. Pharmaceuticals such as atenolol, 
carbamazepine, gemfibrozil, naproxen, sulfamethoxazole and trimethoprim were most 
frequently detected compounds with a median concentration <12 ng/L59. Observed 
concentrations of micropollutants in drinking water are relatively low. However, 
continuous exposure of these contaminants from sources such as drinking water can be 
exerting adverse effects on biota and humans.  
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Figure 2. Different exposure routes of PPCPs into wastewater and the aquatic 
environment (modified from ref 57). 
 
Liquid chromatography tandem mass spectrometry for the analysis of PPCPs 
Traditionally most of the environmental contaminant analyses have been 
performed by HPLC-coupled to UV detection or GC coupled to FID (flame ionization 
detector) or (electron capture detector) ECD or MS, which requires multistep sample 
Agriculture Industry Hospital Household 
Irrigation 
Runoff 
Treatment Sewage Domestic 
waste 
Landfill 
Ground 
water 
Surface 
water 
Soil 
WWTP 
Drinking 
water 
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preparation in order to make the sample volatile enough to evaporate in the gaseous 
phase32.  LC/MS has opened a new analytical window for the analysis of more polar 
compounds, especially when human or environmental metabolism results in the 
generation of more polar compounds. Tremendous improvement of this method is 
achieved by sample clean-up step with solid phase extraction33. LC/MS/MS has now 
become a routine analytical tool which enables environmental chemists to determine 
polar and non-volatile organic compounds which are not amenable to GC/MS 
determinations.  For instance, polar beta blockers, such as atenolol and sotalol could be 
determined only by LC/MS/MS60. In order to overcome interferences from organic 
compounds during the derivatization of neutral compounds for GC/MS analysis, 
determination of polar pharmaceuticals was performed by LC/MS/MS61
,62. Without the 
development of the LC/MS/MS, it would not be possible to identify the harmful 
chemicals that we are now entering the environment.  Analytical methods based on LC 
and tandem mass spectrometry are needed to estimate the concentrations of PCPPs that 
can create adverse effects in the environment63 .  
Applications of LC/MS/MS in the analysis of PPCPs in the environment  
Most of the emerging contaminants in the aquatic system such as PPCPs have 
been detected in the environment during the last decade even though they started entering 
the environment for a long time. One reason for this is the development and increasing 
use of the analytical tool liquid chromatography coupled with mass spectrometry 
(LC/MS/MS), which enables environmental chemists to detect such polar organic 
compounds even with a relatively low concentration in the aquatic system38. There are 
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numerous examples reported of the analysis of PPCPs in water by LC/MS/MS. Some of 
the examples are reviewed here. Hirsch et al. reported analysis of residual iodinated 
contrast media in the river Rhine and tap water64. These are the most frequently used 
compounds in medicine. They are highly polar as well as possess higher persistent 
against metabolism by the organism and also highly resistant for the environmental 
degradation65.  A diverse group of compounds, including 21 pharmaceuticals and 
personal care products, were determined in surface wastewater collected from the Las 
Vegas wash and boulder basin66.   Multiple classes of antibiotics, erythromycin, tylosin, 
roxithromycin, sulfamethoxazole, oxolinic acid and flumequine were detected in the 
finished drinking water or chlorinated drinking water samples collected from three 
drinking water treatment plants in North Carolina using tandem mass spectrometry. High 
extraction efficiency coupled with LC/MS/MS enables to detect these compounds in 
drinking water at concentrations as low as (<5 ng/L)67. Nine different UV (ultraviolet) 
sunscreen chemicals with different polarities were determined in wastewater, river water 
and sea water samples from Spain. Interestingly they have detected relatively higher 
concentrations of these compounds in river water samples collected during the summer68.   
A LC/MS/MS method was developed to quantify statins in Canadian sewage and surface 
water. Statins are a group of prescription drugs which are used to lower the cholesterol 
levels in the blood69.  
Applications of triple quadrupole and ion trap mass spectrometers 
Triple quadrupoles and ion traps are the most frequently used mass analyzers for 
tandem MS detection. There are also more recent approaches including linear traps and 
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hybrid instruments which are gaining widespread popularity in several application 
areas63. As the name implies triple quadrupole mass spectrometer consists of three 
quadrupoles. Triple quadrupole mass spectrometer with multiple reaction monitoring 
mode (MRM) is the most widely used approach for the analysis of target environmental 
contaminants. In MRM mode, particular parents’ ions to products ions transitions are 
considered. First mass analyzer (first quadrupole) scans for a particular precursor ion. 
This enables to detect one compound in the presence of tens of thousands of compounds, 
which makes the triple quadrupole mass spectrometer highly specific and sensitive. 
There are some applications of ion trap mass spectrometry in environmental analysis too. 
For example analysis of urobilin (one of the final by-products of hemoglobin breakdown) 
and azithromycin (widely prescribed antibiotic in the US) were detected in source waters 
collected from 21 sites in New England, Nevada and Michigan using ion trap mass 
spectrometer70.  
Analysis of unknown micropollutants in water 
Surface and ground water, sediments as well as soils are contaminated with large 
variety of known and unknown chemicals due to the large scale of production and use of 
multitude of the chemicals by the modern society. Some of these chemicals may harmful 
to the organisms, including humans71. During the last few decades, the chemical pollution 
has almost exclusively focused on toxic or carcinogenic pesticides and other industrial 
intermediates which are considered as persistence priority pollutants. However, this 
group of chemicals is only a part of the problem3. Unlike pesticides and other priority 
pollutants, pharmaceuticals and personal care products (collectively known as PPCPs) are 
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a relatively new kind of environmental contaminants whose possible health effects 
haven’t been extensively studied yet. Whichever the way it occurs the pollution of water 
is a huge impact on human being as well as our ecosystem. Monitoring of these pollutants 
is restricted only for targeted pollutants and is done in a regular manner. However, there 
are many unknown compounds present in water; some of these compounds can be 
harmful to the environment and human health72, 73.  The most challenging first question is 
to identify and quantify various kinds of harmful new pollutants in the water system. 
Once these compounds are identified, it is essential to monitor these pollutants regularly 
and perform effective remediation procedures.  Here we demonstrate application of full 
scan tandem mass spectrometric methods to screen unknown potential toxins in water 
samples. Once these toxins are detected by full scan methods, molecular identity of those 
can be done by high resolution mass spectrometry, which will allow us to identify new 
potential toxins in different water bodies. 
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CHAPTER TWO 
ILLICIT DRUGS AND THE ENVIRONMENT 
Introduction 
The abuse of illicit drugs is a global problem from which no society is 
immune74,75. In the United States alone, approximately 40 million serious illnesses and 
injuries result from drug abuse annually. Drug abuse contributes to major social problems 
such as reckless driving, crime, and family violence, such as spousal or child abuse75. 
According to the National Survey on Drug Use and Health (NSDUH), it is estimated that 
about 20.1 million Americans aged 12 or older (8.1% of the population) had consumed an 
illicit drug within a month of completing the survey. Approximately one-half of these 
people admitted to driving under the influence of drugs within the last month as well76.    
USDEA (Unites States Drug Enforcement Administration) forensic labs support the DEA 
special agents and other law enforcement personnel by analyzing the controlled 
substances as well as other related substances and investigating crime scenes.  Table 1 
summarizes the drugs frequently identified by USA forensics labs during the 2010 
calendar year. The total number of incidents related to abuse of drugs (drug cases) 
submitted and analyzed by forensic labs during the 2010 calendar year is 1 274 383. 
Cannabis is the most frequently found with a 41% followed by cocaine which was found 
in 28 % of the drug related cases analyzed nationwide77.  An illicit drug may be obtained 
16 
 
 
 
Table 1. Drugs of abuse frequently detected by United States forensics labs with the 
percentage of cases
77 
 
Abused Drugs Percentage 
Tetrahydrocannabinol  
Cocaine  
Methamphetamine  
Heroin 
Oxycodone 
Hydrocodeine  
Alprazolam 
3,4-Methylenedioxymethamphetamine 
Clonazepam 
Buprenorphine  
Methadone  
Amphetamine 
Diazepam 
Morphine 
Carisoprodol 
1-Benzylpiperazine 
Pseudoephedrine 
Phencyclidine 
Psilocin  
Codeine  
Hydromorphine  
Lorazepam  
Methylphenidate 
Zolpidem 
All other drugs 
 
41.9 % 
27.61% 
10.99% 
8.04% 
4.60% 
3.93% 
3.51% 
1.60% 
0.95% 
0.92% 
0.80% 
0.72% 
0.62% 
0.61% 
0.52% 
0.49% 
0.48% 
0.47% 
0.42% 
0.33% 
0.22% 
0.21% 
0.20% 
0.17% 
14.50% 
 
 
on the street or through a prescription from a health care provider.  An illicit drug is a 
drug whose use is not authorized by a physician and is otherwise deemed illegal.  The 
vast majority of illicit drugs have the potential to be addicting.  Many prescription drugs 
of abuse are pain killers such as morphine78. 
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Pharmaceutical ingredients have been identified as a class of widespread 
environmental contaminants as early as 1970s. However, this topic did not receive 
broader scientific attention since the late 1990s79. Illicit drugs can be considered as 
another sub group of pharmaceuticals with structurally diverse group of chemical agents 
with extremely high potential for humans as well as other non-target organisms. Even 
though these high potential substances also have been in our aquatic environment for a 
long time, study of these substances in the environment has not begun till 19993.   
Importance of illicit drugs as environmental pollutants compared to other 
pharmaceuticals. 
Accurate quantities for the prescribed pharmaceuticals can be calculated from the 
prescription data as well as from the sales figures. From these figures the predicted 
environmental concentration can be calculated and then can be compared with the 
measured concentration in the environment. However, calculating the accurate quantities 
of illicit drugs is not an easy task.  Illicit drugs are highly contaminated with impurities as 
well as purposeful adulterants during the process of manufacturing since these are not 
produced under good manufacturing practices. Impurities/adulterants are used to enhance 
desired biological effects and also are present in very high concentrations.  These 
substances may be more harmful to the environment than the registered pharmaceutical 
ingredients. Some of the illicit drug (such as methamphetamine) production leads to 
ecological damage. There are various measures that can be implemented to reduce the 
amount of licit pharmaceuticals entering into the environment. However, with illicit 
drugs these measurements are more difficult to implement. Currently (as discuss in this 
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study), the main interest of estimating residues of illicit drugs in wastewater is to estimate 
the drug consumption in the community level in contrast to licit drugs. For most of the 
illicit drugs toxicology, pharmacokinetics, potential effects for aquatic system have not 
been evaluated yet78. 
Individual drug testing 
Drug testing of individuals began in earnest in the late 1960s to discourage the use 
of illicit drugs. Positive drug tests were and are used to disqualify potential job applicants 
and, in some instances, terminate employment. One of the first groups subjected to 
mandatory drug testing were persons undergoing methadone treatment in federally 
mandated programs treating heroin and opiate addiction80. Methadone is a drug that eases 
withdrawal symptoms associated with opiate use. Individuals wanting access to 
methadone were required to undergo urine tests to show progress in overcoming their 
opiate addiction. During the Vietnam War, the US department of defense authorized 
urine testing of soldiers participating in combat operations to discourage the use of freely 
available heroin originating from other parts of Southeast Asia. The US Navy instituted 
mandatory drug testing of all personnel after a fighter plane crashed on the carrier USS 
Nimitz in May 1981. This resulted in the deaths of nine people and injuries to 42 others. 
The drug testing mandate was issued after it was determined in autopsies that nine of the 
crewmembers on deck had cannabinoids in their systems. It was also determined by 
autopsy that the pilot was flying under the influence of bromopheniramine, an 
antihistamine that causes drowsiness, which had not been prescribed by his physician81. 
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More recently, the drug testing of athletes participating in the Olympics or other 
professional sporting events has been mandated by various governing bodies to ensure 
that no participant has an advantage in competition because of the use of illegal or 
nonsanctioned drugs.  Today, the most widely tested group of people work in the 
transportation industry.  
Most of the analytical methods used to test individual drug use have been based 
on the analysis of urine extracts by GC/MS82. During the last decade, methods for 
individual drug testing based on LC and tandem mass spectrometry have become more 
prevalent, because little or no sample pretreatment is required prior to analysis83. 
Recently, many public secondary schools in the United States have considered 
implementing mandatory drug testing for all students in attendance84. However, in 
practice, implementing drug testing of all students has run into some resistance. As a 
result, most secondary schools that have implemented drug testing can only do so when 
they have the parents’ permission or when students seek administrative approval to 
participate in extracurricular activities, such as an athletic competition. Some private 
secondary schools in the United States require parental consent to test students for drugs 
as a condition of admission. Mandatory drug screening of individuals will no doubt 
discourage illicit drug use. However, public resistance to individual testing is likely to 
persist because it is personally invasive. 
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Analytical methods for measurement of illicit drugs 
Analytical methods based on the measurement of illicit drugs and their 
metabolites are an attractive alternative to survey-based data, because they are unaffected 
by human bias encountered in data collected by self-reporting. The potential for mass 
spectrometry-based analytical methods to differentiate drug use in different selected 
populations was first suggested by the GC/MS analysis of cocaine on paper currency85. In 
this study, dollar bills were collected from banks in 14 different geographic locations and 
analyzed for cocaine. Dollars taken from Baltimore, Maryland, Minneapolis, Minnesota, 
and Portsmouth, Ohio were found to have a factor of 10 or more cocaine than the other 
11 localities tested. The data was interpreted to suggest that these three locations had the 
highest concentration of cocaine users. The successful analysis of drugs on money has 
prompted the development of analytical methods for the direct analysis of drugs on 
different surfaces and in different matrices using laser desorption 86 and desorption 
electrospray ionization87. 
The discovery of pharmaceuticals, endocrine disruptors, and other personal care 
products accumulating in the water supply3 suggested that the LC–MS/MS analysis of 
illicit drugs and their metabolites may be possible as well.  
Sewage epidemiological approach for estimation of community drug consumption 
An interesting and novel approach of measurement of illicit drugs in wastewater 
is called “sewage epidemiology” which is used to estimate drug consumption in 
community level by wastewater analysis88,89. Sewage epidemiology (sewage forensics/ 
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community-wide urinalysis/ community drug testing) approach was first proposed by 
Daughton in 200190. This is based on the measurements of illicit drugs and their 
metabolites excreted in consumers’ urine into the wastewater system and then by back 
calculating the community drug consumption from the measured values and population 
size74. Cocaine was the first drug of abuse analyzed in wastewater and natural water. 
Zuccato et al. quantified cocaine and benzoylecgonine (the main metabolite of cocaine) 
in river (surface) water and untreated wastewater in 2005. The information provided by 
the quantification allowed the authors to estimate the cocaine consumption in the urban 
areas along the Po River. A year later, Castiglioni et al. demonstrated the quantification 
of 16 different drugs and metabolites in influent taken from wastewater treatment plants 
in the cities of Lugano and Milan in Italy.  
Some of these compounds could be found in the effluent as well, suggesting that 
these metabolites could accumulate in the environment if conditions at water treatment 
facilities were not monitored regularly. Following these initial studies of drug and drug 
metabolite distribution in different water sources, a number of studies have been carried 
out in different localities to assess the environmental impact of these micropollutants and 
the potential of LC and tandem mass spectrometry as a tool for monitoring drug 
consumption in targeted communities. Postigo et al. developed a fully automated online 
solid phase extraction method combined with LC/MS/MS to determine different classes 
of drugs of abuse in sewage. This method requires only small volume of sample volume 
compare to offline solid phase extraction method which was successfully used to quantify 
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19 different drugs of abuse compounds in Spain91.  The illicit drugs analyzed in 
wastewater are the most widely used illicit drugs throughout the world such as 
cannabinoids, cocaine, amphetamines and opioids. Though methadone is not an illicit 
drug, it is also measured under this category as it is used to treat heroin addiction92. The 
sewage epidemiological approach based on LC/MS/MS has been used first time to 
investigate drug consumption and pattern among prisoners93.  
To date, the size and demographic composition of the population surveyed has 
been dictated by the area served by a wastewater treatment plant whose water is sampled 
for analysis. In this study we demonstrate the feasibility of testing very small populations 
whose composition is determined by a school campus or workplace. We have detected 
several illicit drugs in the wastewater run-off from a campus serving a small population 
(less than 1000 students). 
Metabolism and excretion of illicit drugs in humans 
Estimation of drug consumption by the sewage epidemiological approach is based 
on the direct measurement of drugs metabolites in wastewater or the parent drug itself.  
For instance dosage of cocaine and cannabis are calculated using the concentrations of 
their major metabolites in urine whereas amphetamine is calculated using the 
concentration of parent drug in wastewater. Therefore it is very important to understand 
the metabolism and excretion pattern of illicit drugs in humans. In this study our major 
concern is the most abundant illicit drugs in the demographically defined population. 
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Therefore only metabolism and excretion pattern of amphetamine, cocaine and cannabis 
are briefly discussed here. 
Amphetamine  
Amphetamine is one of the most abused types of psychotropic drugs worldwide 
with a median dose of 10-30 mg, however this dose can be much higher94.  It belongs to 
the phenethylamine class (Figure 3). Currently amphetamine is mainly used as an illegal 
drug because of it stimulant activity. It is normally excreted in urine as unchanged form 
which is 30%-74% of a dose consumed95.  
                
Figure 3. Structure of amphetamine 
Cocaine  
Cocaine and metabolites have been studied widely; because this is one of the most 
widely used illicit drugs worldwide with a 16 to 21 million consumers, i.e. 8% of the total 
drug users in the population of aged 15-6496. Further, the metabolites of cocaine are 
dependent upon the route of administration and these metabolites have been identified in 
urine samples too95-99.  Cocaine is used as cocaine hydrochloride which is snorted or as 
free base form (crack) which is usually smoked100.  The mechanisms of cocaine 
metabolism in humans are summarized in figure 4.  Gheorghe et al. determined the 
cocaine and major metabolites of cocaine, benzoylecgonie and ecgonine methyl ester in 
wastewater and surface water collected from Belgium, Italy, Spain and Switzerland101.  
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This group used the same method to quantify cocaine and metabolites of cocaine in 
wastewater from 37 WWTPs and surface water from 28 rivers and brooks across 
Belgium102.  
 
Figure 4. Human metabolism of cocaine 
Cannabinoids  
According to the UNODC report, between 143 and 190 million people worldwide 
used cannabis at least once in 200796. Cannabis sativa is the most abundant cannabis plant 
species. Out of more than 460 chemicals present in Cannabis, more than 60 belong to the 
cannabinoids group. ∆9 –Tetrahydrocannabinol (THC) is the primary psychoactive 
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constituent103. The human metabolism of THC is summarized in figure 5. After 
consumption, THC is rapidly metabolized in to pharmacologically active 11-hydroxy-
THC metabolite and then to pharmacologically inactive 11-nor-9-carboxy-∆9- 
tetrahydrocannabinol (THC-COOH) metabolite and to various other cannabinoids104.  
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Figure 5. Human metabolism of THC 
Objective of this study 
Here we demonstrate an alternative or complementary form of drug testing of 
small targeted populations that is based on the sampling and analysis of illicit drugs and 
their metabolites isolated from wastewater. This method can provide information 
regarding the overall drug use within demographically well-defined populations, such as 
students in secondary schools or universities. Wastewater testing can provide information 
26 
 
 
 
on the design of anti-drug campaigns and judge the efficacy of other public health 
initiatives.  Drug testing based on wastewater analysis is likely to be more palatable 
because it does not violate the personal privacy of the individuals being tested.  To date, 
efforts to measure drug consumption and abuse in targeted populations, such as young 
adults, have relied on information gathered from questionnaires (such as Substance 
Abuse and Mental Health Services Administration, 2009, mentioned above). The utility 
of information gathered from surveys is limited because individuals have a tendency to 
underreport illicit drug use for fear of the breaking the law. 
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CHAPTER THREE 
EXPERIMENTAL 
Materials 
Reagents and standards 
Illicit drugs and their metabolite analysis. LC and tandem mass spectrometry 
permit the determination and/or quantification of several structurally-related analytes 
with a single sample injection.  Drugs and metabolites were divided into four groups for 
concurrent quantification based on their chromatographic and ionization properties.  
Amphetamine group ; Amphetamine, methamphetamine,  3, 4-
Methylenedioxyamphetamine (MDA), 3,4-Methylenedioxymethamphetamine (MDMA), 
3,4-Methylenedioxyethamphetamine (MDEA), cocaine group ; cocaine, cocaethylene, 
benzoylecgonine, morphine group ; morphine, morphine- 3β-D- glucuronide, 6-
acetylmorphine (metabolite of heroin), methadone and it’s metabolite  2-ethylidene-1,5-
dimethyl-3,3-diphenylpyrrolidine(EDDP) and then the major metabolite of 
tetrahydrocannabinol, 11-nor-9-carboxy-Δ9-tetrahydrocannabinol (THC-COOH) as the 
fourth group. Internal standards use in this study are amphetamine-d6, 
methamphetamine-d9, MDA-d5, MDMA-d5, MDEA-d5, cocaine-d3, cocaethylene-d8, 
benzoylecgonine-d3, morphine-d3, morphine- 3β-D- glucuronide-d3, 6-acetylmorphine-
d6, methadone-d3, EDDP-d3 and THC-COOH-d3.  All standard compounds were 
acquired from Sigma Aldrich (St. Louis, MO, USA), Cerilliant (Round Rock, TX USA), 
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or Cambridge Isotope Laboratories (Andover, MA USA) and used without further 
purification. Working solutions (1ng/ul), which contains all these internal standards, were 
prepared prior to the extraction. Other reagents acetonitrile, methanol, hydrochloric acid, 
formic acid, triethyl ammine and ammonia were purchased from Sigma-Aldrich (St. 
Louis, MO). Milli-Q water was obtained from E-pure system (Barnstead international, 
Iowa, USA). 
Unknown pollutants analysis. Analysis of unknown pollutants were carried out 
by full scan tandem mass spectrometric techniques such as constant neutral loss and 
precursor ion scan methods. Bisphenol-A-glucuronide-d6 (purchased from Santa Cruz 
Biotechnology, Inc, CA, USA) and morphine- 3β-D- glucuronide-d3 were used optimize 
the instrumental conditions for unknown glucuronide analysis. Triclosan, sucralose, 2 and 
4 chlorophenol were used to optimize conditions for chlorinated unknown metabolite 
analysis.  
Sampling of water   
Wastewater samples were collected where the campus runoff empties into the 
municipal sewer directly beneath a manhole cover adjacent to a school campus in 
northern Illinois. Samples have been collected different days during regular class 
sessions, final exams, and summer break. The wastewater pipe was accessed under a 
manhole cover approximately 3 m below the ground. For initial studies, samples (up to 
500 mL) were collected every 20 minute for 2 h and pooled together for most analyses. 
Composite samples were collected between 10 am and 12 pm and between 12 pm and 2 
pm.  
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For total drug consumption measurements, samples were collected every hour 
from 8.00 am to 4.00 pm on several Mondays and Thursdays concurrent with flow rate 
measurements.  In order to determine how the concentration of different drugs and 
metabolites changed over time twelve individual waste water samples were collected at 
every 4 minute intervals in one morning as well as in one afternoon, each with the flow 
rate measurements. For hourly measurements samples have been collected in 2 to 4 
minute intervals in 20 minute period. During each 20 minute period at least 2 depth and 
flow rate measurements were made using a Swoffer 2100 flow meter (supplied by Dr. 
Nancy Tuchman in the Department of Biology at Loyola) and averaged to determine an 
hourly flow rate. The volume of water passing through the pipe, at any given time was 
calculated from the dimensions of the pipe, the depth of the water, and the measured 
linear flow rate. The volume of the water flowing through the pipe was multiplied by the 
concentration to get a daily flow rate of a particular drug or metabolite (mg/day) being 
passed into the sewer. Tap water samples (1 L) were collected and analyzed to estimate 
the concentrations of drugs and metabolites entering the campus. Wastewater samples 
obtained from Stickney and North Side wastewater treatment plants (WWTP) in Chicago 
were also analyzed for illicit drugs and their metabolites. 
Water samples for novel pollutant analysis were obtained from Stickney WWTP 
(both influent and effluent) and Lake Michigan in two different locations around 
Loyola’s Rogers park campus.  
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Methods 
Sample preparation and solid phase extraction 
Illicit drugs and their metabolite analysis. Illicit drugs and metabolites were 
extracted using the method described by Castiglioni, et al.74 with some modification.  
Briefly, each pooled composite sample was acidified to pH 2 using 37% hydrochloric 
acid and filtered through Whatman glass microfiber filter papers (47 mm 1.6 um GF/A). 
After filtering, water samples (100 mL) were spiked with 20 ng of each deuterated, 
internal standard, and then subjected to solid-phase extraction using mixed reversed-
phase cation-exchange cartridges (Oasis-MCX, 60 mg, Waters Corp., Milford, MA, 
USA). Cartridges were conditioned using 6 mL of methanol, 3 mL of 18 MΩ water, and 
3 mL of water acidified to pH 2 prior to the extraction. Each 100 mL of water sample was 
spiked with 20 ng of IS and passed through the cartridges on a water aspirator and dried 
additional 5 minutes on the water aspirator. Cartridges were then eluted with 3 mL of 
methanol and 3 mL of a 2% ammonia solution in methanol and eluates were pooled and 
dried under a nitrogen stream. Eluates were concentrated to dryness and then 
reconstituted in 200 µL of water for LC–MS/MS analysis.  
Calculation of flow rate of water 
Flow rate of water at a given time was calculated by multiplying velocity of water 
which was measured using the flow meter by area of the flow. Area of the water flux 
coming out from the sewer pipe was calculated as below. Figure 6 illustrates the cross 
section of the sewer pipe. The radius of the pipe was 22.86 cm (r). If the height of water 
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coming out from the pipe at a given time is “h” cm area of the flow (A) can be calculated 
as below.  
  (   
       
     
 
   
)  (√               ) 
Then the total drug quantity at a particular time was calculated by multiplying the 
flow rate at that particular time by the concentration of the drug.   
  
 
 
 
 
 
 
 
Figure 6. The cross section of the sewer pipe 
Unknown pollutant analysis. For glucuronide metabolite analysis, sample 
preparation and solid phase extraction method was similar to the drug metabolite 
analysis, which is described above except the volume of extraction (Influent 50 mL Lake 
water 200 mL).  Solid phase extraction procedure for chlorinated organic compounds was 
carried out using two different extraction protocols25,105,106 with both Oasis-MCX 
cartridges and HLB-glass cartridges (Oasis-HLB, 200 mg, 5 cc, 60 µm, Waters Corp., 
r 
h 
θ 
Wastewater 
r= radius 
h=height of water coming out 
32 
 
 
 
Milford, MA, USA). In the first protocol, cartridges (both MCX and HLB) were washed 
with 6 mL of methanol (containing 0.25 % formic acid) and two portions of 6 mL of 
water (containing 0.25% formic acid) prior to the sample loading. Water samples were 
acidified to contain 0.25 % formic acid (pH 2.6-2.8) and filtered through Whatman glass 
microfiber filter papers (47 mm 1.6 um GF/A). Samples (50 mL and 200 mL of influent 
with MCX cartridges for constant neutral loss analysis; 100 mL of influent with HLB 
cartridges and 500 mL for Lake Water for precursor ion scanning) were passed through 
the cartridges using a water aspirator and dried additional 10 minutes. Eluted with 6 mL 
of methanol (0.25% formic acid) evaporated under gentle nitrogen stream. Eluates were 
concentrated nearly dryness and reconstituted to 400 µL of 20% methanol/water for the 
LC/MS/MS analysis. In the second protocol cartridges (HLB) were activated and 
conditioned with 5 mL of methanol followed by 5 mL of water. Then filtered samples 
(100 mL influent) were passed through wet cartridges using a water aspirator and dried 
additional 10-15 minutes. Eluted with 6 mL of methanol and evaporated down to near 
dryness and reconstituted to 400 µL with 20 % methanol in water.  
HPLC-MS/MS analysis  
Drug metabolites analysis. Throughout this study three different LC/MS/MS 
systems were used for the characterization of our analytes of interest. Initial analysis were 
performed using HPLC system equipped with two Series 200 pumps and a Series 200 
autosampler (Perkin-Elmer, Norwalk,CT). The LC was coupled to API 3000 triple 
quadrupole mass spectrometer equipped with a turbo IonSpray source (Applied 
Biosystems-Sciex, Thornhill, Ontario, Canada).  Mass spectrometry analyses were 
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performed using multiple reaction monitoring mode. Chromatographic conditions for 
initial analysis are summarized in appendix A.  Degradation studies of illicit drugs and 
their metabolites were done using the LCQ Advantage MS detector (ThermoFinnigan) 
which consists of quadrupole ion trap mass analyzer.  Then the total drug consumption 
analysis were performed using the Agilent 1290 infinity LC system equipped with 1290 
infinity auto sampler and 1290 infinity binary pumps. The LC was coupled to Agilent 
6400 series triple quadrupole mass spectrometer. In total drug metabolite analysis, 
chromatographic separation of amphetamine and THC-COOH were achieved with 
XTerra C18 column (5 µm, 2.1x100mm) preceded by a guard column (5 µm, 2.1x10mm) 
with the same packing material both supplied by Waters, MA.  THC-COOH was 
analyzed in electrospray negative mode while all the other drug metabolites were 
analyzed in positive mode. Chromatographic conditions and mass spectrometric 
conditions for the analysis of these two compounds are summarized in tables 2 and 3. 
Two precursor ions to product ions transitions were used for each analysis one for the 
quantification and the other for the confirmation. Product ion spectra of THC-COOH and 
amphetamine are shown in Figure 7. 
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Table 2. Optimum MS source and analyzer conditions for MRM determination of 
amphetamine and THC-COOH 
 
Parameters 
Amphetamine-
d6 
Amphetamine THC-
COOH-d3 
THC-
COOH 
Precursor ion (m/z) 142.1 136.1 346.1 343.1 
Product ion 1 (m/z) & CE 125.1 (10) 119.1 (10) 302.1 (14) 299.1 (14) 
Product ion 2 (m/z) & CE 93.1 (14) 91.1 (14) 248.1 (26) 245.1 (26) 
Fragmentor voltage (V) 75 75 150 150 
Sheath gas temperature (
0
C) 300 300 325 325 
Nebulizer (psi) 50 50 35 35 
Capillary voltage (V) 4500 4500 -4500 -4500 
Sheath gas flow (Lminute
-1
) 9 9 9 9 
 
Table 3. Chromatographic conditions and retention times for amphetamine and  
THC-COOH. 
 
Substance 
Retention 
time 
(min) 
HPLC method 
Amphetamine-
d6 
8.04 solvent A, 10 mM formic acid/ ammonium hydroxide at 
pH 4 in water; solvent B, 90% acetonitrile; gradient started 
out with 0 % B, 25% B in 14 min, then to 100 % B in 2 
min followed by  2 min hold and to 0% B in 2 min 
(reequillibration time 8 min) 
Amphetamine 8.13 
THC-COOH-
d3 
10.92 solvent A, 0.05% triethylamine in water; solvent B, 90% 
acetonitrile; gradient started out with 0 % B, 60% B in 14 
min, then to 100 % B in 2 min followed by  2 min hold 
and to 0% B in 2 min (reequillibration time 8 min) 
THC-COOH 10.94 
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Figure 7. Product ion spectra of THC-COOH and amphetamine  
Unknown pollutant analysis. Analysis were carried out by the Agilent 
LC/MS/MS system using full scan tandem mass spectrometric techniques such as 
precursor ion scan and constant neutral loss scan methods. In order to increase the 
sensitivity of the signals scanning were done in 5 mass units per injection. Constant 
neutral loss scanning of glucuronide metabolites were done by setting the mass offset to 
the 176 mass units in both positive and negative ESI mode. Glucuronides were analyzed 
over the mass range of 200 to 600. Mass spectrometric conditions for the analysis of 
glucuronide metabolites analysis are shown in Table 4. 
Table 4. Mass spectrometric conditions for glucuronide metabolites analysis 
Parameters Negative ESI Positive ESI 
Fragmentor voltage (V) 
Collision energy (eV) 
Sheath gas temperature (
0
C) 
Nebulizer (psi) 
Capillary voltage (V) 
Sheath gas flow (L minute
-1
) 
Dwell time (ms) 
152 
26 
300 
50 
-4500 
9 
500 
170 
30 
300 
50 
+4500 
9 
500 
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Chromatographic separation for both positive and negative mode analysis was 
achieved by using 0.1% formic acid in water (solvent A) and 90/10 v/v acetonitrile/water 
(solvent B) gradient. In the negative ion mode, gradient started out with 0% B and 
increased to 60% B in 12 minutes and then to 100% B in 8 minutes followed by 2-minute 
hold time. Then to 100% A in 2 minutes and followed by 8 minute reeqillibration with 
32-minute total run time. In positive mode, held 0% B for 1 minute initially and increased 
to 12 % in 7 minutes and to 60% in 10 minutes and then to 100% in 8 minutes followed 
by 2-minute hold of 100%B. Then back to initial conditions in 2 minutes followed by an  
8 minute reequillibration time with total run time of 36 minutes  
Chlorinated organic compounds were analyzed by both precursor ion scan and the 
constant neutral loss scan. In the precursor ion scan product ion of Cl
- 
was selected by the 
second mass analyzer and first mass analyzer scans precursor ions which fragment to 
produce Cl
-
  product ion or mass of 35 or 37.  Mass spectrometric conditions for 
precursor ion scanning were optimized using sucralose and triclosan to create two 
different methods (Table 5) and scanned in the mass range of 50 to 750. In constant 
neutral loss scanning mass offset was set at 36 or 38 which is corresponding to the mass 
of HCl moiety and analyzed influent samples in the range of 100-400 mass units. 
Chromatographic separation was achieved using 0.1% formic acid in water (A) and 0.1% 
formic acid in methanol (B) as mobile phases. The gradient started at 10 % methanol and 
increased to 90% methanol in 20 minutes followed by 5 minutes hold at 90% methanol 
and decreased to initial state in 2 minutes and held at 10 % methanol for 12 minutes for 
37 
 
 
 
the reequillibration of the column. Total run time was 39 minutes and injection volume of 
the sample was 20 µL with 200 µL min
-1
 flow rate.  
Table 5. Mass spectrometric conditions for unknown chlorinated organic compounds 
analysis 
 
Parameters 
Constant 
neutral loss 
method 
Precursor ion scan method 
Optimized 
with 
sucralose 
Optimized 
with triclosan 
Fragmentor voltage (V) 
Collision energy (eV) 
Sheath gas temperature (
0
C) 
Nebulizer (psi) 
Capillary voltage (V) 
Sheath gas flow (L minute
-1
) 
Dwell time (ms) 
135 
14 
350 
50 
-4500 
9 
200 
135 
10 
350 
35 
-3500 
10 
200 
135 
12 
275 
50 
-4500 
10 
200 
 
        In both precursor ion scanning methods 0.1% formic acid in water was used as 
solvent A.  While 0.1% formic acid in methanol used as solvent B in the triclosan 
optimized method, 0.1% formic acid in acetonitrile was used in sucralose optimized 
method. In sucralose method, gradient started out with 100% A and increased to 100% B 
in 26 minutes followed by 3-minute hold and then back to initial condition in 2 minutes. 
Total run time was 39 minutes with 8 minutes reeqillibration. In the case of the triclosan 
optimized method, organic phase increased from 0% to 90% in 23 minutes followed by 
2-minute hold and then to initial conditions in 2 minutes. Reequilibration time was 8 
minutes.
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CHAPTER FOUR 
ILLICIT DRUGS AND THEIR METABOLITES ANALYSIS 
Preliminary results of analysis of drugs in school wastewater runoff 
Our initial experiments were undertaken to demonstrate that illicit drugs and 
metabolites could be detected in wastewater collected from a small population. 
Wastewater samples were taken from a school campus on different days during the 
academic year. These studies of a small population were encouraged by the detection of 
drugs in natural and wastewater drawn from treatment plants serving large metropolitan 
areas92. Even though the population we sampled is much smaller than the water treatment 
plant studies, the volume of water in which the drugs and metabolites are dispersed is 
smaller as well, suggesting that the concentrations of drugs found in the water taken from 
the campus may be comparable to concentrations found in wastewater treatment plants. 
We tested the campus wastewater output for the presence of 16 different drugs and 
metabolites74. There are thirteen compounds that were detected in multiple water samples 
(figure 8).  
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Figure 8. Structures of the thirteen illicit drugs and metabolites detected in the 
school campus wastewater output. 
 
The percentage relative standard deviation (% RSD) associated with these 
measurements varied from approximately 1% −10% as the concentration of the analyte in 
the sample decreases. The recovery of the analyte in the solid phase extraction process 
was generally greater than 80%. Tables 6, 7 and 8 list concentration measurements made 
at different times during regular classes, final exams, and the summer when few students 
were present, respectively. ∆9-Tetrahydrocannibol (THC) is the major psychoactive 
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compound in marijuana. THC is rapidly oxidized to 11-hydroxy THC and then to 11-nor-
9- carboxy-∆9-THC, which is the main metabolite excreted. The main metabolic route of 
cocaine involves the hydrolysis of ester linkages to produce benzoylecgonine (BE). 6-
Acetylmorphine is the main specific metabolite of heroin (3,6-diacetylmorphine). 
Codeine is O3-methylmorphine. Morphine-3β-glucuronide is a metabolite formed in vivo 
by the attachment of a sugar to the O3 oxygen, which facilitates elimination of morphine 
from the body. All three of these morphine-based derivatives are narcotics. 3,4-
Methylenedioxymethamphetamine (MDMA) and 3,4-ethylenedioxyamphetamine  
(MDA) are amphetamine derivatives that are commonly referred to as ecstasy. The data 
summarized in Tables 6−8 clearly indicates that the majority of the drug consumption 
was because of the students.  
Table 6. Measured concentrations (ng/L) of drugs and metabolites during the regular 
class sessions (2008). 
Substances 
 
Concentration (ng/L) with Sampling Date and Time 
Wed 
Oct 1 
AM 
Wed 
Oct 1 
PM 
Fri 
Oct 3 
AM 
Mon 
Oct 3 
PM 
Tue 
Oct 4 
AM 
Wed 
Oct 22 
PM 
Fri 
Oct 31 
AM 
Fri 
Oct 31 
PM 
Sat 
Nov 1 
AM 
THC-COOH 
Amphetamine 
MDA 
MDMA 
Benzoylecgonine 
Cocaine 
Codeine 
Morphine 
6-Acetylmorphine 
Morphine 3β 
glucuronide 
13.6 
14.6 
0.0 
0.0 
2.6 
4.5 
16.1 
0.0 
0.0 
 
0.0 
0.0 
0.0 
173.9 
3266.1 
2.0 
2.4 
62.8 
0.0 
0.0 
 
29.1 
 
27.9 
4.6 
0.0 
8.4 
3.8 
13.8 
71.4 
0.0 
0.0 
 
41.9 
43.8 
55.9 
0.0 
0.0 
2.3 
6.2 
21.1 
0.0 
0.0 
 
27.1 
 
177.1 
7.5 
0.0 
0.0 
10.0 
3.7 
0.0 
0.0 
0.0 
 
4.6 
54.2 
11.3 
0.0 
0.0 
1.9 
2.3 
12.0 
0.0 
0.0 
 
8.8 
0.0 
67.8 
0.0 
0.0 
2.5 
3.5 
19.5 
0.0 
0.0 
 
0.0 
81.5 
140.4 
0.0 
0.0 
2.9 
10.5 
0.0 
0.0 
0.0 
 
0.0 
0.0 
70.2 
0.0 
0.0 
2.1 
3.3 
0.0 
0.0 
0.0 
 
0.0 
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The concentrations in Table 7 indicate that those drugs and metabolites sampled 
during the summer days at the times indicated were not present in detectable amounts. 
However, measurable quantities were also detected on some occasions. This because 
there were administrators and building maintenance staff present during the summer; the 
main building was also open during business hours so that anyone off the street had 
access to the facilities. The data in Table 7 shows that morphine and two of its 
derivatives, morphine-3β-glucuronide and 6-acetylmorphine were all present in the water 
system at the same time, on one occasion, and then not detected at any other time. This 
suggests that these concentrations may represent the narcotic usage of a single individual, 
probably consuming heroin, since 6-acetylmorphine is a minor, but specific, metabolite 
of this drug.  
Table 7. Concentrations (ng/L) of drugs and their metabolites during the summer break 
(2008) 
 
Substances 
 
Concentration (ng/L) with Sampling 
Date 
Mon 
Jun 09 
Wed 
Jun 11 
Thu 
Jul 10 
THC-COOH 
Amphetamine 
MDA 
MDMA 
Benzoylecgonine 
Cocaine 
Codeine 
Morphine 
6-AcetylMorphine 
Morphine 3β glucuronide 
40.3 
0.0 
0.0 
0.0 
6.2 
4.2 
6.1 
95.4 
7.7 
63.6 
0.0 
0.0 
0.0 
0.0 
1.3 
1.2 
0.0 
0.0 
0.0 
0.0 
7.1 
0.0 
0.0 
0.0 
1.3 
1.5 
0.0 
0.0 
0.0 
0.0 
 
                                                                                                                                                                        42  
 
There are several factors that must be considered in understanding how these 
concentration measurements are reflective of the overall drug usage in this targeted 
population; they are discussed below. The data suggests that the three most frequently 
used drugs in this small population are cannabis, cocaine, and amphetamine. Most of the 
discussion that follows concerning the significance of these measurements will focus on 
these three drugs. 
Calculation of total drug quantities sampled 
In order to calculate the total consumption of a particular drug by the population, 
one needs to know both concentration and the total volume of water being sampled. 
There are two ways in which the volume associated with a measured concentration can be 
estimated in this particular application. One is dependent on how the wastewater is 
collected and dispersed. In most buildings that serve a large number of people such as 
those on this campus, wastewater coming from different sources (sinks, urinals, showers, 
and toilets, etc.) is first collected in a tank within the building that emits its contents once 
it is full. The tanks (typically one or two per building) that service these buildings have a 
maximum volume of 50 gallons (190 L). Therefore, one could calculate a total amount of 
drug by assuming that the concentration being measured represents what is contained in 
190 L (or 380 L) and correlate the total amount of drug with the number of users by 
dividing the total amount of a drug by the average dosage. The frequency with which the 
tanks are discharged is proportional to the number of individuals using the facilities as 
well. Such an approach might be appropriate for calculating the number of doses when 
the instantaneous flow rate of the wastewater into the municipal sewer is small. Dosage 
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calculations, such as these, may be most appropriate during a time when few people are 
present on campus. 
The average daily flow rate was about 2.9 × 10
5
 L/day during the school year and 
1.5 × 10
5
 L/day during the summer. These daily flow rates were estimated from the 
monthly billing by the water utility (we are assuming all the water that enters the building 
through the plumbing exits to the sewer). The flow rate of water going into the municipal 
sewer will vary depending on how often the collection tanks are discharged. In order to 
achieve these daily flow rates, the tanks will discharge every 1–2 min during the day. The 
second way one could estimate the total quantity of a drug is to assume that the 
concentration is constant over the time that the wastewater is sampled. Dosages could be 
calculated based on the average volume of water that passes through the pipe during the 
time that the samples are being collected and pooled. For these particular analyses, three 
samples were taken and pooled over a 2-h period. If one uses the highest concentrations 
of the three most persistent drugs to estimate the number of doses, we find that the 
quantity of drug or representative metabolite that passes through the pipe in 2 h was less 
than an estimated single dose of all drugs, except THC. The highest 2-h concentrations 
for the three most persistent drugs and/or metabolites were found during finals week 
(Table 8). The highest concentration of the THC–carboxylic acid found was on Thursday 
afternoon during finals (372.9 ng/L). For amphetamine, the highest concentration 
foundwas 153.6 ng/L on the first Monday morning of the examination period. The 
highest BE concentration determined was 34.7 ng/L on Tuesday morning. Based on the 
flow rates stated above, this means that 153.6 ng/L × 2/24 h × 2.9 × 10
5
 L/day = 3.7 mg 
of amphetamine was collected in a 2-h period. Based on the maximum concentrations 
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stated for the other two drugs, the total amounts of BE and THC carboxylic acid were 0.8 
and 9.0 mg, respectively. We extracted and analyzed 1 L of tap water on five consecutive 
days to determine the background of levels of the various drugs in the water entering the 
campus. Only BE and cocaine were detected; their average concentrations were 
determined to be 0.67 and 0.43 ng/L, respectively. These results suggest that background 
levels of these compounds do not contribute significantly to our measurements.  
Estimating differences/changes in drug use 
The concentrations of the different drugs found (Tables 6–8) and the average 
daily flow rates suggest that less than one whole dose of any of these three drugs passes 
through the wastewater system over the course of day, except for THC. This result is 
significant because, to date, comparisons between different populations (in different 
urban centers) have been made by comparing the total number of doses of a particular 
drug per 1000 people89,91. Correlations between amounts of drugs consumed and 
drug/metabolites in wastewater have been made taking into account two factors89. One is 
the percentage of drug itself that is excreted or as a target analyte (parent or metabolite). 
The second factor is the molar mass ratio of a particular metabolite structure to that of the 
parent compound consumed by the user. The quantity of drugs consumed for the purpose 
of making comparisons is calculated assuming that the concentration of the drug in 
question or metabolite is the same throughout the treatment plant where the water is 
sampled. Such an assumption may cause an underestimation if a significant percentage of 
the compound being analyzed is present in the sediment or dissolved solids. The amounts 
of the three drugs present in the wastewater system we are sampling are calculated below.
                                                                                                                                                                        
 
Table 8. Measured concentrations (ng/L) of drugs and their metabolites during the finals week (2008) 
 
Substances 
                                                      Concentration (ng/L) 
Monday 
Day 1 
Tuesday 
Day 2 
Wednesday 
Day 3 
Thursday 
Day 4 
Friday 
Day 5 
Monday 
Day 6 
AM PM AM PM AM PM AM PM AM PM AM PM 
THC-COOH 
Amphetamine 
Benzoylecgonine 
Cocaine 
Codeine 
Morphine 
Morphine 3β 
glucuronide 
71.0 
9.6 
3.6 
4.1 
0.0 
60.5 
33.5 
 
119.7 
153.6 
2.1 
4.0 
0.0 
32.5 
10.4 
 
18.2 
7.4 
34.7 
5.5 
0.0 
0.0 
0.0 
 
69.2 
0.0 
1.7 
7.9 
0.0 
0.0 
565.5 
 
19.3 
91.2 
1.5 
2.5 
0.0 
0.0 
8.5 
 
23.5 
27.3 
2.0 
3.2 
0.0 
11.1 
11.0 
 
37.0 
125.2 
3.5 
3.1 
0.0 
0.0 
7.3 
 
372.9 
62.4 
3.8 
4.3 
25.6 
0.0 
91.8 
93.1 
29.8 
4.5 
6.0 
0.0 
0.0 
0.0 
 
22.3 
12.1 
2.5 
9.6 
0.0 
0.0 
0.0 
 
4.4 
43.1 
1.2 
4.3 
11.5 
43.1 
0.0 
 
24.1 
4.5 
1.3 
4.1 
0.0 
0.0 
0.0 
 
4
5 
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An average dose of cocaine is 100 mg, which results in a maximum of 54 mg of BE upon 
excretion107,108 over the course of a day. The amount of BE that passes through a 
wastewater pipe over the course of a day even when calculated using the largest 
concentrations of metabolite found corresponds to less than one dose.  
Amphetamines are most often acquired as prescription drugs, so the fraction of 
the determined concentration that represents illicit drug use is not immediately obvious. It 
is possible that a student with a prescription for an ADHD (attention deficit hyperactivity 
disorder) drug, such as Adderall, could sell some tablets to their fellow students to help 
them study for exams. Adderall capsules are manufactured with total amphetamine doses 
ranging from 5 to 30 mg. Typically, 30% of the dose is excreted as the parent 
compound89. For a 30-mg dose, this corresponds to 9 mg in wastewater. The total amount 
of amphetamine flowing through the pipe for the highest amphetamine concentration 
measured was 3.7 mg, as discussed above.  
The amount of THC in average dose is harder to estimate. An accepted dosage for 
the sake of calculating total drug is 125 mg89. The amount of THC absorbed is more 
much harder to estimate than drugs that are ingested in a pill or powder form, because 
much of the THC can be exhaled and thus not metabolized. The amount of THC in 
different strains of marijuana can vary a great deal as well. Approximately 0.6% of a dose 
is excreted as the carboxylic acid. As a result, the total measured quantity of the 
carboxylic acid that represents one dose is only 800 ng, suggesting that the cannabis is 
used far more frequently than cocaine or amphetamine in this population.  
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This is roughly consistent with the results obtained by the National Survey on 
Drug Use and Health (NSDUH) that suggests in the United States among individuals 
aged 12 and over marijuana is the most frequently abused drug76. The survey states that 
over a 1-month period, 15.2 million individuals used marijuana compared to 1.9 million 
that used cocaine. The survey also suggests that marijuana is used far more frequently 
than cocaine. Fifteen percent of individuals admitting to using marijuana within a month 
of taking the survey indicated that they used marijuana on 300 or more days within the 
past year. Unusually, large concentrations of MDMA (3266 ng/L —Table 6) and 
morphine-3β-glucuronide (565.5 ng/L—Table 8) were detected in two different 
wastewater samples. The observation of the high glucoronide concentration at a time 
when no 6-acetylmorphine is detected suggests the glucoronide resulted from a large 
therapeutic dose of morphine, rather than heroin (6-acetylmorphine is specific for 
heroin).  
The concentration of MDMA detected at one single time suggests that an 
individual may have disposed of a single dose at once, although without a simultaneous 
flow rate measurement, one cannot be sure. The flow rate of water into the sewer varies 
during the day and it is reasonable to assume that the peak flow rates would occur during 
a time of day when students are on campus. If the average flow rate over the 3-h period 
approached 1.9 million liters per day (above the average of 2.9 × 10
5
 L/day), then a single 
dose may have passed through the water supply over that time. Observations of 
instantaneously high concentrations underscore the need for flow rate measurements 
conducted at the time of sampling to help distinguish drug concentrations that result from 
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a single act of disposal from the concentrations that result from the metabolism of many 
individuals.  
Our data suggests that measuring drug consumption in small, demographically 
well-defined populations (<1000 individuals) will have to be approached differently than 
for populations whose size is defined by the area serviced by a wastewater treatment 
plant. Since the concentrations of drug and/or metabolite being measured are so small, 
the best way to describe changes in drug consumption is to compare the absolute 
quantities of drugs in wastewater rather than the number of doses. Estimating the number 
of users (implied by the number of doses) in a population such as this is not possible, 
because individuals will excrete a whole dose over a period of several days. The amount 
contributed by a particular user will vary depending upon when (and how much) a drug 
was consumed relative to the time of excretion. Therefore, estimating the total drug 
consumption in a small population is easier than estimating the total number of users. As 
a result, the success of a public health initiative targeted at a particular school may be 
defined by the changes in the absolute quantity of drugs measured at different times. 
Conclusion  
We have demonstrated the measurement of several illicit drugs and their 
metabolites in a wastewater stream coming from the campus of an educational institution 
using an analytical method based on liquid chromatography and tandem mass 
spectrometry. The concentrations of these drugs varied depending upon the time of the 
year samples were taken (final exam period > regular class session >> summer). The 
results suggest that drug measurements targeted at small populations may be used to 
monitor changes in drug consumption over time. 
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Estimation of total amphetamine and cannabis consumption  
The concentrations of drugs and metabolites that we measured are small. 
Therefore the best way to describe and compare these results is measuring the absolute 
quantities rather than the number of doses. So that we developed the following analytical 
method based on solid phase extraction (SPE) and liquid chromatography tandem mass 
spectrometry (LC-MS/MS) to identify changes of drug consumption in an educational 
institution. The most persistent drugs found in this population are amphetamine and 
cannabis. Therefore, the present study is designed around the measurement of these two 
drugs. One important variable between sampling of WWTP and sampling of a small 
population is the flow rate. WWTP sampling based calculations were done by assuming 
constant flow rate.  The flow rate of water coming from the school at the point of 
sampling changed significantly. So that we tried to correlate the absolute quantity of drug 
change rather than the concentration with time. And also we wish to determine how the 
total quantities of drugs change minute to minute in the water stream coming out from the 
school, which permits an assessment of how drug use changes over time in a targeted 
population.  
The flow rate of wastewater coming from the school at the point of sampling can 
vary from 300 to 1300 m
3
 day
-1
 at any given time which is depending on the number of 
individuals using water at a particular time in the building. Wastewater in a building is 
collected in tanks (typically 200 L) that are discharged to the city sewer only when they 
are full. The tank discharging frequency is depending upon the number of people using 
water at any one time. 
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The first experiment (every four minute sampling and analysis) was designed to 
see how the absolute quantities of our target analytes changed from minute to minute in 
wastewater stream coming out from campus. These results are summarized in tables 9 
and 10. All calculations were done by considering the ratios of deuterated internal 
standard peak area to that of the target analyte. These results show that the flow rates and 
the absolute quantities of drugs calculated from the measured concentration and flow rate 
can fluctuate dramatically over a brief period of time. These observations influence how 
we sampled wastewater on an hourly basis. 
Table 9. Flow rates (m
3
 day
-1
) and absolute quantities of drugs/or metabolites (mg day
-1
) 
measured over four minute intervals in the morning 
 
Time (AM) 
Flow Rate 
(m3/day) 
Amphetamine 
(mg/day) 
THC-COOH 
(mg/day) 
9.04 546 6.4 25.2 
9.08 432 43 122.7 
9.16 661 838.1 113.3 
9.20 394 198 74.6 
9.24 611 44.9 44.4 
9.32 553 37 49.5 
9.36 469 16.3 23.1 
9.40 469 12.6 86.7 
9.44 632 12.2 38.4 
9.48 586 18.8 44.8 
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Table 10. Flow rates (m
3
 day
-1
) and absolute quantities of drugs/metabolite (mg day
-1
) 
measured over four minute intervals in the afternoon. 
 
 
 
 
 
 
 
 
The next set of experiments was carried out to see the amounts of drugs consumed 
in the target population changed over a long period of time. Wastewater samples were 
acquired every hour from 8 AM to 4 PM on several Mondays and several Thursdays 
during the regular school session over ten weeks. Mondays and Thursday were chosen for 
sampling because of the two reasons, first class schedule and length of classes on 
Mondays and Wednesdays are different from Tuesdays and Thursdays. Second reason is 
by analyzing Monday samples we expected to see any change of drug consumption 
during the week end. Since the concentrations of different drugs were found to vary 
considerably over a period of just minutes, hourly water samples were acquired by 
pooling several individual water samples. The amount of amphetamines and THC-COOH 
flowing into the sewer system from the campus per day were calculated from the 
concentrations of analytes and flow rates of water for each hour. These hourly 
measurements of each drug are shown in table 11 and the average daily measurements are 
shown in table 12. The average daily totals of each drug measured are present in table 13. 
Time (PM) 
Flow Rate 
(m3/day) 
Amphetamine 
(mg/day) 
THC-COOH 
(mg/day) 
3.04 335 69.6 8.8 
3.08 977 1260 28.3 
3.12 351 53.8 7.8 
3.16 832 786 22.7 
3.20 614 364 7.3 
3.24 477 73.7 31.6 
3.28 614 55.9 37.4 
3.32 530 70 16.1 
3.36 663 55.9 30.3 
3.40 839 60.8 19.9 
3.44 321 17.1 31.5 
3.48 1053 4521 49.6 
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Table 11. Average hourly measurements of amphetamine and THC-COOH (mg day
-1
) 
measured for each hour from 8 AM to 4 PM 
 
A
m
p
h
et
am
in
e 
Time 8AM  9AM  10AM  11AM  12PM  1PM  2PM  3PM  4PM  
Mondays 
N 7 7 7 7 6 7 6 5 6 
Mean  101.6 409.7 139 188 376.1 221.9 242.2 66 211.3 
SD  93.7 485.7 210 192 386.2 252 210.8 51 439.9 
%RSD 92.2 118.6 151.1 102.1 102.7 113.6 87 77.3 208.3 
Thursdays 
N 7 7 7 6 7 7 5 5 7 
Mean  282 127 399.9 491 268.4 382.1 307.7 86.3 277.5 
SD  266.1 121.1 277.4 535.1 327.6 387.9 164.4 70 236 
%RSD  94.4 95.3 69.4 109 122.1 101.5 53.4 81.2 85 
T
H
C
-C
O
O
H
 
Mondays 
N 7 7 7 7 7 7 6 6 6 
Mean  136 42.8 155 73.3 144 258 302 296 62.2 
SD  202 33.6 305 58 148 467 426 398 49.3 
%RSD 148 78.5 197 79.2 103 181 141 135 79.3 
Thursdays 
N 7 7 7 7 7 7 6 6 7 
Mean  108 186 81.7 46.1 52.9 230 102 52.8 39.4 
SD  233 287 83.5 29.9 58 344 84.5 26 33.8 
%RSD  216 154 102 64.9 110 150 82.7 49.2 85.7 
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Table 12. Average daily totals of amphetamine and THC-COOH (mg day
-1
) computed by 
averaging each hourly measurement from 8 AM to 4 PM 
 
A
m
p
h
et
am
in
e 
Mondays 
Date Feb 15 Feb 22 Mar 01 Mar 15 Mar 22 Apr 12 Apr 19 
N 8 8 9 6 9 9 9 
Mean 84.2 341.2 387.8 55.7 190 97.1 324.1 
SD 57.8 461.2 441.2 43.8 171.4 75.7 289.7 
%RSD 68.7 135.2 113.7 78.6 90.2 78 89.4 
Thursdays 
Date Feb 18 Mar 4 Mar 18 Mar 25 Apr 01 Apr 15 Apr 29 
N 7 9 9 9 8 9 7 
Mean 295.5 398.9 440.4 272 80.2 261.4 287.2 
SD 260.8 406.7 377.8 216.5 92.8 361.1 171.6 
%RSD 88.3 101.9 85.8 79.6 115.7 138.1 59.7 
T
H
C
-C
O
O
H
 
Mondays 
Date Feb 15 Feb 22 Mar 01 Mar 15 Mar 22 Apr 12 Apr 19 
N 9 9 8 7 9 9 9 
Mean 245 100.8 193.5 42.8 200.8 41.1 276.7 
SD 349.4 121.4 387.1 41.5 263.2 48.8 403.2 
%RSD 142.6 120.4 200.0 97.0 131.1 118.6 145.7 
Thursdays 
Date Feb 18 Mar 4 Mar 18 Mar 25 Apr 01 Apr 15 Apr 29 
N 7 9 9 9 9 9 9 
Mean 49.8 99.8 198.0 90.9 42.9 128.5 83.1 
SD 95.4 110.6 280.5 72.4 29.5 310.7 132.6 
 %RSD 191.6 110.8 141.7 79.7 68.8 241.8 159.6 
 
 
The average quantity of drugs and metabolites flowing into the municipal sewer 
was calculated for each particular time on Monday and Thursday. The average amount of 
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drugs flowing out of the campus per day was calculated by taking the mean of all hourly 
measurements over the course of a day. The precision associated with the mean amounts  
Table 13. Average drug totals (mg day
-1
) for each Monday and Thursday samples 
computed by averaging the total for each day 
 
Amphetamine 
 
All 
Mondays 
All 
Thursdays 
Pooled 
N 7 7 14 
Mean 211.4 290.8 251.1 
SD 138.2 115.2 56.1 
%RSD 65.4 39.6 22.3 
THC-COOH 
 
All 
Mondays 
All 
Thursdays 
Pooled 
N 7 7 14 
Mean 157.3 99 128.1 
SD 95.7 52.5 41.2 
%RSD 60.9 53.1 32.2 
 
of amphetamine and THC-COOH computed for a particular hour for an individual day 
appears to be poor. Amphetamine average hourly data suggests that the amount of drugs 
measured in the morning is higher than that of the afternoon. However for THC-COOH 
average amounts of metabolites measured is higher in the afternoon than that of the 
morning. The average relative standard deviation (RSD) associated with the mean value 
of these two drugs for a particular hour or individual day ranges from 59 to 241. These 
RSDs suggest that comparing hourly drug disposition data will not permit us to assess 
changes in drug use over time. 
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Then the average daily amounts of these two drugs were calculated. The precision 
for the average daily drug measurements greatly improved compared to that of hourly 
measurements. The average daily RSDs vary from 39 to 65% table 13. 
In the next analyses we attempted to see if the amounts of amphetamine and 
THC-COOH measured during regular class sessions were significantly different than the 
amounts of these drugs measured on Mondays and Thursdays during the final exam 
period and spring break. We measured amphetamine and THC-COOH every hour form 8 
AM to 4 PM during the spring break. These data are shown in table 14.  
Table 14. Hourly totals (mg day
-1
) of both drugs measured during two spring break days 
(no students on campus) 
 
Day 
 Time  
Analyte   
8:00 
AM 
9:00 
AM 
10:00 
AM 
11:00 
AM 
12:00 
PM 
1:00 
PM 
2:00 
PM 
3:00 
PM 
4:00 
PM 
M
o
n
d
ay
 Amp 4.3 5 15.8 6 65.9 127.4 244.2 27.7 0 
THC-
COOH 
0 2.6 0 0 63.6 0 24.4 5.1 0 
T
h
u
rs
d
ay
 Amp 0 0 0 2.3 0 567.7 0 0 0 
THC-
COOH 
0 0 1.5 0 0 0 188 0 7.3 
 
These measurements clearly show that in the absence of students average quantity 
of drugs being discharged into the sewer drops to almost zero compared to the regular 
school session. During the spring break only a few faculty and maintenance staff are on 
campus. 
Then the average amount of THC-COOH measured during the two days during 
the final exam period appears to less than what is measured during the regular school 
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session table 15. However there is not much difference in the amount of amphetamine 
measure during the finals compare to the regular class session. One might expect drug 
use (particularly amphetamine) to increase during final exams. One plausible explanation 
is that fewer students may be on campus at any one time during the final exam period. 
This is because five days of classes are stretched into an eight or nine day exam period. 
Individual class periods during finals are two hours long, whereas Monday and Thursday 
classes are 45 and 75 minutes long respectively, meaning students who are on campus 
will spend more time in the classroom while they are in school and less time in areas of 
the campus where they might use the facilities. This suggests that the higher consumption 
of amphetamine during the final week. 
Table 15. Average daily totals (mg day
-1
) of drugs measured during finals computed by 
averaging each hourly measurement from 8 AM to 3 PM 
 
Amphetamine 
 
Finals Day 1 Finals Day 2 
N 8 8 
Mean 153.5 265.6 
SD 103 176.6 
%RSD 67.1 66.5 
THC-COOH 
  Finals Day 1 Finals Day 2 
N 8 8 
Mean 93.1 33.9 
SD 72.1 31.4 
%RSD 77.5 92.7 
 
We calculated the confidence intervals (CI) using the pooled data in table13 to 
determine if the average daily totals of THC-COOH and amphetamine measured for both 
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days during the spring break were significantly different than the total quantities of these 
two analytes measured during the regular school semester. There is a significant 
difference between spring break compared to the regular class sessions at 95% CI. 
Conclusion 
We have demonstrated that changes in drug use in a small, demographically well-
defined population may be assessed when daily amounts of drugs being discharged into 
the sewer are averaged and compared. The results suggest that changes in drug use over 
longer periods of time may be determined when average daily drug amounts are 
measured for a periods of 6-8 weeks that are six months to a year apart. Wastewater 
analysis by tandem mass spectrometric methods may be useful in determining the success 
of anti-drug initiatives or policies instituted just after the first set of measurements are 
made.
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CHAPTER FIVE 
ANALYSIS OF NOVEL POLLUTANTS 
PPCPs (Pharmaceuticals and Personal Care Products) have been detected in the 
environment recently even though those compounds have been in the environment for a 
long time. The reasons for this might be due to their trace abundance in the environment 
as well as available analytical techniques. Detection of these compounds in the 
environment suggests that there may be large amounts of unidentified potential toxins 
present in natural bodies of water.  Some of these compounds may prove to be harmful to 
the human and ecosystem over the course of time given on continuous exposure.   Here 
we explore a new approach to screen water samples for potential pollutants based on 
structural features that suggest potential toxicity based on full scan, tandem mass 
spectrometry techniques. 
Xenobiotic metabolism 
Xenobiotics are compounds that are foreign to a given biological system.  Interest 
in the analysis of xenobiotic compounds and their metabolism arise from their potential 
adverse health environmental effects. Compounds such as these are becoming a huge 
problem for wastewater treatment systems since many have entered natural water system 
within the last 10-20 years38 and current methods of water remediation (based on 
chlorination or ozonation) were not developed for xenobiotics derived from PPCPs.   
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The metabolism of xenobiotics occurs in three major steps namely phase I, phase 
II and phase III in the body. In phase II of the xenobiotic metabolism, functional groups 
of the compounds which are modified in the phase I are conjugated with polar 
compounds such as glucuronic acids, sulfate, glutathione etc. This process takes place 
mainly in the liver and catalyzed by enzymes called transferases. Glucuronidation, the 
most widely occurring phase II reaction (figure 9), is normally considered as detoxifying 
step.  This is because glucuronides are generally less pharmacologically and chemically 
active with compare to their corresponding parents’ drugs109. Conjugation of these 
compounds also makes these xenobiotics more hydrophilic and ultimately easier to 
excrete from the body.  
X
NH2 or OH or COOH
UDP- glucuronosyl transferases (UGT)
O
OH
OH
OH
O
OH
N or O
 
Figure 9. Glucuronidation reaction  
Compounds such as these collect in wastewater runoff that collects in the influent 
pond of wastewater treatment plants along with other phase two metabolites (such as 
sulfates).  The screening of influent wastewater for unknown glucuronides may provide 
important information about human exposure to these compounds. Glucuronide 
metabolites are chosen as initial test of this full scan tandem MS methodology since 
identities of many glucuronides are known.  The observation of these compounds in 
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wastewater samples therefore should provide evidence that this approach is a feasible 
way of identifying unknown compounds based on specific structural features that might 
suggest their potential toxicity. 
Analysis of glucuronides by tandem mass spectrometry 
Several authors have reported analyzing glucuronides by tandem mass 
spectrometry, some of those studies are outlined below. Most of these analyses were 
based on MRM mode, where a targeted analytes are analyzed.  In such studies a specific 
precursor ion is monitored at a particular retention time.  The fragmentation reaction that 
is monitored usually corresponds to the formation of the abundant fragment ion.  
Therefore these types of analyses are very specific.  Only molecules with a particular 
molecular weight that fragment to produce a product ion with a specific m/z value that 
elute at a particular time are recognized by the detector.  Quantification is accomplished 
using an internal standard labeled with stable isotopes so the m/z value is different from 
the targeted analyte.  
Ethyl glucuronide is a phase II metabolite of alcohol, which can be detected in 
hair, blood or urine even after months of consumption110  Janda I. et al reported the 
analysis of ethyl glucuronide in hair by LC/MS/MS by monitoring m/z 221 to m/z 75 
transitions and this method was reported as selective and sensitive at 200 pg/mg level 
with the mean recovery of 96% 111. However, in a more complex matrix such as 
wastewater, there might be large variety of unknown glucuronide metabolites present. So 
the MRM method cannot be used to identify unknown glucuronides. Full scan tandem 
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mass spectrometry techniques such as constant neutral loss and precursor ion scan 
methods are better alternative for this kind of analysis.  
Chlorinated organic compounds in water 
 Chlorinated organic compounds have long been an environmental concern due to 
their potential toxicity.  Examples of such compounds include polychlorinated biphenyls 
(PCBs). These compounds were used in insulators in electrical transformers until they 
were banned in 1970s.  Long term human exposure studies based on cord blood analysis 
in infants demonstrated these compounds were teratogens that stymied the intellectual 
development of children as indicated by IQ exams administered several years after the 
birth of these children. These compounds are still detected in the environment given their 
high resistance to degradation by microorganisms112,113.  Another example is chlorinated 
benzofurans.  Compounds such as 2,3,7,8-tetrachlorodibenzodioxins may be formed 
during the manufacture of paper products 114.  2,3,7,8-Tetrachlorodibenzodioxin is one of 
the most toxic compounds known, with an LD 50 of 0.5 ng/kg113. 
Disinfectant by-products are another important class of contaminants in drinking 
water. When the disinfection takes place by chlorination, these by products are 
chlorinated and brominated compounds. Some of the by-products formed during the 
disinfection process may have higher endocrine disruption ability than the original 
contaminants29. Organochlorine pesticides and herbicides are another class of chlorinated 
compounds which can be ended up in the water system. Most of the organochlorides are 
toxic for animals and plants. Here, we anticipate most of the novel chlorinated 
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compounds in wastewater are derived from chlorine containing PPCPs or metabolites of 
those compounds. 
Application of full scan tandem mass spectrometry 
Unlike SRM and MRM techniques, full scan tandem mass spectrometric 
techniques are not very often used analytical technique. This might be due to the low 
sensitivity and limited sample size.  However, in our analysis we are not limited by the 
sample size. In order to increase the sensitivity, scanning was done in 5 mass units per 
injection which means to scan 100 mass units 20 different injections are required.  
In this study, constant neutral loss scan and precursor ion scan methods were used 
to detect novel pollutants. Constant neutral loss scanning method provides structure 
related information. The identities of novel compounds can be done by high resolution 
mass spectrometry (HRMS). In the constant neutral loss method, quadrupole 1 and 
quadrupole 3 in the triple quadrupole mass spectrometer scan precursor ions 
simultaneously. However, these two quadrupoles are set at a mass offset which is 
corresponding to the mass of the neutral molecule that lose during the collision. In the 
case of glucuronide analysis mass offset was 176 Daltons. This is because most of the 
glucuronides have the tendency to lose neutral molecule of glucuronic acid which is 
corresponding to the mass offset of 176 Daltons.  Glucuronide analysis in ESI has been 
done in both positive and negative mode. Some of the glucuronides show higher 
sensitivity in the positive mode such as morphine glucuronide and some of the 
glucuronides show higher sensitivity in the negative ESI mode such as BPA-glucuronide.  
 We observed over 100 glucuronides in the range of 200-600 mass units. Appendix 
B lists the assigned glucuronides with the electrospray ionization mode of detection for 
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influents samples obtained from Stickney WWTP. In addition to the assigned 
glucuronides, we detected over 60 glucuronides that are yet to be identified. Nominal unit 
masses are not enough to suggest their empirical formulas. The next step is to acquire 
accurate masses of these molecule ions and their corresponding product ions. 
Assignments of these compounds are based on just the unit mass analysis of these ions.  
Further analysis is required to confirm the presence of these compounds. Nevertheless, 
these results suggest that the novel glucuronide metabolites might be identified using this 
strategy.  The glucuronides determined by screening Lake Michigan water are listed in 
Appendix C. The precursor ions and corresponding retention times in both positive and 
negative modes are given. Few of these were also detected in wastewater influent. Our 
results suggest that, it is necessary to extract larger volume of Lake water (or any surface 
water) samples compared to wastewater influents. Figure 10 shows the chromatogram 
corresponding m/z 403 or bisphenol A (BPA)-glucuronide (C21H24O8) obtained by 
analyzing influent wastewater samples. These analyses were done in ESI negative mode. 
Chromatogram A corresponds to the constant neutral loss scanning of loss of 176 mass 
units or glucuronic acid moiety from BPA-glucuronide. Chromatograms B and C are 
from the MRM analysis of the same compound.  The transition 403 to 227 corresponds to 
the loss of glucuronide and the transition from 403 to 212 corresponds to the loss of 
methyl group from the BPA. Same MRM transitions and retention times were observed 
by analyzing standard BPA-glucuronide as well. This suggests that the presence of BPA- 
glucuronide in the influents. BPA-glucuronide is the major excretion metabolite of BPA 
in urine. BPA is a compound which has taken significant attention recently since it is 
suspected to be an endocrine disruptor and a teratogen. 
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Figure 10. Chromatograms corresponding to precursor ion (m/z) 403 in negative ESI 
mode by analyzing influent wastewater; A: Constant neutral loss scanning B:SRM 
transition from m/z 403 to m/z 227 C:SRM transition from m/z 403 to m/z 212 
 
In the constant neutral loss scanning of chlorinated organic compounds, a mass 
offset was set to 36 and 38 Daltons, which is corresponding to the loss of neutral HCl 
moiety. Influent and effluent samples were scanned in the mass range of 100 to 400. The 
observed ions were further analyzed by SRM. Precursor ions of m/z 243, m/z 269, m/z 
273, m/z 287, m/z 301 and m/z 309 are the most abundant peaks observed in influent 
samples. Both constant neutral loss scanning and SRM scanning chromatograms of the 
most abundant ions are shown in figures 11-16. We believe the chromatogram 
corresponding to the precursor ion of m/z 287 (Figure 14) corresponds to the triclosan 
(C12H7Cl3O2). This is similar to the chromatogram obtained by the analyzing the standard 
triclosan in constant neutral loss method. Triclosan is an antibacterial and antifungal  
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Figure 11. Constant neutral loss chromatograms and corresponding SRM chromatograms 
for m/z 243  
 
 
  
 
Figure 12. Constant neutral loss chromatograms and corresponding SRM chromatograms 
for m/z 269  
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Figure 13. Constant neutral loss chromatograms and corresponding SRM chromatograms 
for m/z 273 
 
 
 Figure 14. Constant neutral loss chromatograms and corresponding SRM chromatograms 
for m/z 287  
15.0 minutes 
16.2,18.4,18.
9 minutes 
*10
3 
*10
3 
1.2
 
1.0
 
1.4
 
1.2
 
*10
2 
*10
2 
Counts vs Acquisition Time (min) 
Counts vs Acquisition Time (min) 
                                                                                                                                                                      67  
 
 
Figure 15. Constant neutral loss chromatograms and corresponding SRM chromatograms 
for m/z 301  
 
 
 
Figure 16. Constant neutral loss chromatograms and corresponding SRM chromatograms 
for m/z 309  
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agent used in many consumer products. The lists of precursor ions detected by constant 
neutral loss method are given in Appendix D. The constant neutral loss of most abundant 
isotope H
35
Cl (or 36 mass units) and SRMs which corresponds to a loss of 36 mass units 
were observed in all these cases. Constant neutral loss of lower abundant H
37
Cl (or 38 
mass units) as well as SRM transitions from lower abundant precursor ion to 
corresponding product ion transitions were observed only for few precursor ions. We 
detected only a few potential chloride ions in effluent water.  Sensitivity may be 
increased by extracting larger volumes of water.   
Influent treatment plant samples and Lake Water samples have been also screened 
using two different precursor ion scanning methods.  In precursor ion scanning, 
quadrupole 1 scanned for the precursor ion which can form a product ion of Cl
-
 ion which 
corresponds to the mass of 35/37 Daltons.   These transitions are known to be specific for 
chlorine containing compounds. Appendix E lists all the ions we detected by precursor 
ion scan methods in both samples. Sucralose (artificial sweetener) is another important 
compound present in the environment. After injection of sucralose, about 85% is not 
absorbed and unchanged form is excreted from the body via feces. Most of the absorbed 
amount is also excreted as unchanged form from the body in urine within 24 hours115. 
Therefore it is obvious that the significant amount of sucralose is ended up in the 
wastewater and ultimately in surface water as well. Figure 17 shows the precursor ion 
scanning of sucralose (C12H19Cl3O8) which was detected in both Lake Michigan and 
wastewater influents. This method gives a good intensity for sucralose compared to that 
of constant neutral loss scanning.  Sucralose was hardly detected in the later method. 
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Chromatograms a1 and a2 correspond to the precursor ion scan of product ion 
35
Cl 
whereas chromatograms b1 and b2 correspond to the precursor ion scan of lower 
abundant product ion 
37
Cl for influents wastewater and Lake water respectively. The 
presence of this compound was confirmed by MRM analysis of the same sample as well 
as the standard sucralose.   We also detected m/z 397 by precursor ion scanning of 
35
Cl 
product ion in both samples. This is further confirmed our findings since sucralose 
produce both m/z 395 and m/z 397 precursor ions.    
  
 Figure 17. Precursor ion scanning of sucralose in both influents and Lake water 
The results obtained from both constant neutral loss scan method and precursor 
ion scan methods are somewhat different, which suggest the some of the chlorinated 
compounds easily lose HCl fragment during the fragmentation whereas some others 
easily form Chloride ion. This is because the fragmentation depends on the structure of 
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the compound and it is important to compare several different methods in identifying 
larger pool of unknown compounds. 
 This method can be certainly expanded to the analysis of other types of potential 
pollutants in the environment. Figure 18 shows the MRM chromatograms of BPA-sulfate 
which was detected in influent. BPA-sulfate is another main metabolite of BPA. The 
transitions m/z 307 to m/z 227 corresponds to the loss of sulfate from BPA-sulfate, then  
 
Figure 18. MRM chromatogram of BPA-sulfate in influent  
the m/z 307 to 212 corresponds to the loss of sulfate and methyl group and the transition 
to m/z 80 corresponds to the loss of BPA. The observation of all these transitions 
definitely confirms the presence of BPA-sulfate in the wastewater sample. We can use 
15.7 minutes 
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the constant neutral method based on loss of sulfate moiety or the loss of 80 Daltons to 
detect unknown sulfates in present in water. 
Conclusion  
Analysis of unknown glucuronides and chlorinated compounds in complex 
matrices such as wastewater can be done successfully by constant neutral loss scanning 
method followed by SRM in tandem mass spectrometry. Then these compounds can be 
identified by HRMS, which will lead environmental scientists to identify unidentified 
novel compounds in water. Identified compounds in different matrices can be quantified 
using the isotope dilution mass spectrometry. This method is not limited to the 
compounds that we have analyzed so far which can be extend to the larger array of 
organic compounds containing bromine, sulfate, glutathione etc. Once these compounds 
are identified toxicity of these compounds for the human being as well as for the 
ecological system can be evaluated. Further, the optimized methods can be used to 
analyze targeted glucuronides, chlorinated compounds etc. in other matrices such as 
biological samples where the sample quantity is a limiting factor.  
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APPENDIX A 
CHROMATOGRAPHIC CONDITIONS FOR ANALYZING ILLICIT DRUGS IN 
PRELIMINERY STUDIES74
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Group substance                                                              HPLC method 
amphetamines                                                                  
amphetamine                           column, XTerra MS C18, 100* 2.1 mm,3.5 µm; flow,  
amphetamine-d6                      200 µL/min, injection loop 20µL; 
methamphetamine                   solvent A- 0.05% acetic acid in water;  
methamphetamine-d9              solvent B- acetonitrile                                                                                       
MDA                                        gradient, 0 to 24% of B in 14 min,  
MDA-d5                                  then to 100% B in 2 min followed by 2-minute hold 
MDMA                                    and to 0% B in 2 min (8-min hold for reequilibration). 
MDMA-d5  
MDEA  
MDEA-d5  
 
cocaine and metabolites 
cocaine                                     same conditions as amphetamines,  
cocaine-d3                                except gradient from 0 to 30% of B in 18 min,  
norcocaine                                then to 100% B in 2 min 
norcocaine-d3                           followed by 2-minute hold and                                                                                   
cocaethylene                             to 0% B in 2 min (8-min hold for reequilibration)                                                          
cocaethylene-d8  
benzoylecgonine  
benzoylecgonine-d3  
norbenzoylecgonine 
 
morphine and metabolites, 
methadone and metabolites 
morphine                                        same conditions as amphetamines,  
morphine-d3                                   except gradient from 0 to 40% of B in 22 min,  
morphine-3β-D-glucuronide           then to 100% B in 2 min  
morphine-3β-D-glucuronide-d3     followed by 2-minute hold and  
6-acetylmorphine                            to 0% B in 2 min(8-min hold for reequilibration) 
6-acetylmorphine-d6  
methadone  
metadone-d3  
EDDP  
EDDP-d3  
 
∆9-tetrahydro-cannabinol           same conditions as amphetamines 
Metabolites                                                   except solvent A, 0.05% triethylamine in water  
11-nor-9-carboxy-∆9-THC            gradient from 0 to 45% B in 12 min,                                                    
11-nor-9-carboxy-∆9-THC- d3      then to 100% B in 2 min followed by 
                                                       2-minute hold and to 0% B in 2 min  
                                                      (8-min hold for reequilibration). 
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APPENDIX B 
LIST OF ASSIGNED GLUCURONIDES BASED ON THE MASS OF THE 
PRECURSOR IONS FROM THE ANALYSIS OF INFLUENTS BY CONSTANT 
NEUTRAL LOSS METHOD 
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Assigned Glucuronide and Formula 
Detecte
d Mode 
Benzoic acid-acyl-β-D-glucuronide (C13H14O8) 
Nicotinic Acid Acyl-β-D-glucuronide(C12H13NO8) 
Salicylic Acid β-D-O-Glucuronide(C13H14O9) 
Deferiprone 3-O-β-D-Glucuronide(C13H17NO8) 
4-Nitrophenyl β-D-glucuronide(C12H13NO9) 
1-Naphthol β-D-Glucuronide(C16H16O7) 
Valproic Acid β-D-Glucuronide(C14H24O8) 
Trichloroethyl β-D-Glucuronide(C8H11Cl3O7) 
Acetaminophen glucuronide(C14H17NO8) 
Mesalazine N-β-D-Glucuronide(C13H15NO9) 
Phenylephrine 2-O-Glucuronide(C15H21NO8) 
trans-3'-Hydroxy Cotinine-O-(4-deoxy-4,5-didehydro)-β-D-
glucuronide(C16H18N2O7) 
Propofol glucuronide(C18H26O7) 
Memantine N-β-D-Glucuronid(C18H29NO6) 
Acetylsalicylic Acid Acyl-β-D-glucuronide(C15H16O10) 
Scopoletin β-D-Glucuronide(C16H16O10) 
trans-3'-Hydroxy Cotinine O-β-D-Glucuronide(C16H20N2O8) 
4-Hydroxy Propofol 4-O-β-D-Glucuronide(C18H26O8) 
4-Hydroxy-3-methoxy Methamphetamine 4-β-D-Glucuronide 
(C17H25NO8) 
3,5,6-Trichloro-2-pyridinol Glucuronide(C11H10Cl3NO7) 
Clofibric Acid Acyl-β-D-glucuronide(C16H19ClO9) 
Tapentadol-β-D-glucuronide(C20H31NO7) 
trans Resveratrol 3-O-β-D-Glucuronide(C20H20O9) 
Bisphenol A β-D-Glucuronide(C21H24O8) 
4-Trifluoromethylumbelliferyl glucuronide(C16H13O9F3) 
(R)-Naproxen Acyl-β-D-glucuronide(C20H22O9) 
 Phenobarbital N-β-D-Glucuronide(C18H20N2O9) 
N,N-Didesmethyl-O-desmethyl-(rac-Venlafaxine)  
Glucuronide(C20H29NO8) 
Flurbiprofen Acyl-β-D-glucuronide(C21H21FO8) 
Oxcarbazepine N-β-D-Glucuronide(C21H20N2O8) 
Sulfamethoxazole β-D-Glucuronide(C16H19N3O9S) 
Chrysin 7-glucuronide(C21H18O10) 
rac Ketoprofen Acyl-β-D-glucuronide(C22H22O9) 
both 
negative 
both 
negative 
negative 
positive 
positive 
positive 
positive 
both 
negative 
both 
 
negative 
negative 
both 
both 
both 
both 
both 
 
positive 
positive 
positive 
negative 
negative 
positive 
positive 
positive 
positive 
 
both 
positive 
positive 
positive 
positive 
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Assigned Glucuronide and Formula 
Detecte
d Mode 
Varenicline Carbamoyl β-D-Glucuronide(C20H21N3O8) 
Genistin(C21H20O10) 
Lamotrigine N2-Glucuronide(C15H16Cl2N5O6) 
Tolmetin β-D-Glucuronide(C21H23NO9) 
rac Propranolol β-D-Glucuronide(C22H29NO8) 
Pentaerythritol Dibromide β-D-Glucuronide(C11H18Br2O8) 
rac O-Desmethyl Venlafaxine β-D-Glucuronide(C12H33NO8) 
Suberoylanilide Hydroxamic Acid β-D-Glucuronide(C20H28N2O9) 
AZT glucuronide(C16H21N5O10) 
Diethyl Stilbestrol β-D-Glucuronide(C24H28O8) 
17β-Nandrolone glucuronide(C24H34O8) 
Cyclobenzaprine N-β-D-Glucuronide(C26H29NO6) 
4-Hydroxy Propranolol β-D-Glucuronide(C22H29NO9) 
19-Norandrosterone glucuronide(C24H36O8) 
19-Noretiocholanolone glucuronide(C24H36O8) 
8-Hydroxy Mianserin β-D-Glucuronide(C24H28N2O7) 
8-Hydroxy Mirtazapine β-D-Glucuronide(C23H27N3O7) 
2-Hydroxy Desipramine β-D-Glucuronide(C24H30N2O7) 
Morphine-3-β-(or 6-β)D-glucuronide(C23H27NO9) 
17β-Boldenone glucuronide(C25H34O8) 
Oxazepam glucuronide(C21H19ClN2O8) 
Scutellarin(C21H18O12) 
16,16,17-Testosterone glucuronide(C25H35O8) 
Etiocholanolone glucuronide(C25H38O8) 
Androsterone glucuronide(C25H38O8) 
5α-Dihydrotestosterone glucuronide(C25H38O8) 
5α-Androstane-3β,17β-diol-3-glucuronide(C25H40O8) 
Lumiracoxib Acyl-β-D-glucuronide(C21H21ClFNO8) 
Ethynylestradiol 3--D-Glucuronide(C26H32O8) 
4-Hydroxy Alverine β-D-Glucuronide(C26H35NO7) 
Norethindrone β-D-Glucuronide(C26H34O8) 
Codeine-6-β-D-glucuronide(C24H29NO9) 
Temazepam glucuronide(C22H21ClN2O8) 
Quercetin 3-glucuronide (C21H18O13) 
1-Methylene-5α-androstan-3α-ol-17-one glucuronide 
(C26H38O8) 
positive 
positive 
both 
both 
both 
positive 
positive 
both 
positive 
positive 
both 
both 
both 
positive 
positive 
both 
positive 
positive 
positive 
both 
both 
both 
both 
positive 
positive 
positive 
both 
positive 
positive 
positive 
positive 
positive 
positive 
both 
both 
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Assigned Glucuronide and Formula 
Detecte
d Mode 
Scopolamine β-D-Glucuronide(C23H29NO10) 
1α-Methyl-5α-androstan-3α-ol-17-one glucuronide(C26H40O8) 
2α-Methyl-5α-androstan-3α-ol-17-one glucuronide(C26H40O8) 
Entacapone 3-β-D-Glucuronide(C20H23N3O11) 
11-β-hydroxyandrosterone-3-glucuronide(C25H38O9) 
Luteolin 3',4'-dimethyl ether 7-glucuronide(C23H22O12) 
Zearalenone β-D-Glucuronide(C24H30O11) 
20-oxo-5-β-pregnan-3-α-yl-β-D-glucuronide(C27H42O8) 
Phenolphthalein β-D-glucuronide(C26H22O10) 
Mycophenolic acid-β-D-glucuronide(C23H28O12) 
7α(or β ),17α-Dimethyl-5β-androstane-3α,17β-diol glucuronide 
(C27H44O8) 
Fenirofibrate O-β-D-Glucuronide(C23H25ClO10) 
Chloramphenicol glucuronide(C17H20N2O11Cl2) 
Etonogestrel β-D-Glucuronide(C28H36O8) 
6-Demethyl Papaverine β-D-Glucuronide(C25H27NO10) 
3-Hydroxy Desloratadine β-D-Glucuronide(C25H27ClN2O7) 
5,4'-Dihydrox-3-methoxy-6,7-methylenedioxyflavone 4'-
glucuronide(C23H20O13) 
Naloxol 3-β-D-Glucuronide(C25H31NO10) 
Progesterone 11α-glucuronide(11-Hydroxyprogesterone 11-
glucuronide)(C27H38O9) 
Tricin 7-glucuronide(C23H22O13) 
Patuletin 3-glucuronide(C22H20O14) 
Naltrexone 3-O-β-D-Glucuronide(C26H31NO10) 
Indomethacin Acyl-β-D-glucuronide(C25H24ClNO10) 
5,4'-Dihydroxy-3,3'-dimethoxy-6,7-methylenedioxyflavone 4'-
glucuronide(C24H22O14) 
4-Hydroxy Triazolam β-D-Glucuronide(C23H20Cl2N4O7) 
Jaceidin 4'-glucuronide(C24H24O14) 
rac Indapamide-N-sulfonamido-β-D-glucuronide(C22H24ClN3O9S) 
Kaempferol 3-glucuronide-7-sulfate(C21H18O15S) 
Pantoprazole Sulfide-β-D-glucuronide(C22H23F2N3O9S) 
N-Benzyloxycarbonyl N-Desmethyl Dextrorphan β-D-O-
Glucuronide(C30H35NO9) 
Licofelone Acyl-β-D-glucuronide(C29H30ClNO8) 
Vitamin D3 β-D-Glucuronide(C33H52O7) 
negative 
positive 
positive 
positive 
negative 
negative 
negative 
negative 
negative 
negative 
negative 
 
negative 
positive 
positive 
positive 
negative 
positive 
 
positive 
positive 
 
positive 
both 
both 
positive 
both 
 
both 
positive 
negative 
positive 
positive 
positive 
 
positive 
negative 
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Assigned Glucuronide and Formula 
Detecte
d Mode 
Dexamethasone β-D-Glucuronide(C28H37FO11) 
Chenodeoxylic acid 3-glucuronide(C30H48O10) 
 Ezetimibe Phenoxy β-D-Glucuronide(C30H29F2NO9) 
25-Hydroxyvitamin D2 25-(β-glucuronide)(C34H52O8) 
Norbuprenorphine glucuronide(C31H43NO10) 
Acemetacin-acyl-β-D-glucuronide(C27H26ClNO12) 
Apigenin 7-glucuronide-4'-rhamnoside(C27H28O15) 
 
positive 
positive 
negative 
negative 
negative 
positive 
positive 
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APPENDIX C 
RESULTS OBTAINED FROM ANALYZING LAKE WATER FOR 
GLUCURONIDATED AND CHLORINATED ORGANIC COMPOUNDS 
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Constant neutral loss scanning for glucuronides in positive mode 
precursor ion 
(m/z)- Positive 
mode 
 
Retention time 
(Minutes) 
precursor ion 
(m/z)- Positive 
mode 
 
Retention time 
(Minutes) 
205 
264 
266 
268 
277 
281 
285 
286 
289 
463 
477 
491 
499 
507 
 
 
22.592 
26.959 
24.896 
24.874 
23.423 
23.468 
21.675 
24.059 
22.75 
24.732 
14.678 
21.09 
21.955 
23.618 
 
508 
515 
521 
523 
529 
530 
551 
552 
573 
577 
578 
593 
597 
 
23.581 
20.951 
16.012 
14.7 
23.611 
23.53 
23.486 
23.515 
23.479 
22.372 
14.722 
12.519 
23.361 
 
 
Constant neutral loss scanning for glucuronides in negative mode 
precursor ion (m/z)-
Negative Mode 
 
Retention time (Minutes) 
277 
279 
311 
312 
327 
339 
340 
355 
356 
 
17.936 
24.724 
20.899 
21.229 
20.811 
24.373 
24.38 
23.904 
24.549 
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Precursor ion scanning results for chlorinated organic compounds from Lake Water 
 
precursor ion  
(m/z) 
RT 
(minutes) 
160 23.573 
200 20.015 
202 20.042 
211 19.833 
213 19.78 
220 15.264 
222 15.297 
263 24.46 
264 24.513 
265 24.549 
286 23.46 
287 23.513 
288 23.519 
289 23.513 
332 23.481 
334 23.445 
377 22.254 
378 22.284 
394 24.298 
395 10.497 
397 10.578 
441 10.658 
 
 
 
 
 
                                                                                                                                                                 
82 
 
APPENDIX D 
.RESULTS OF CONSTANT NEUTRAL LOSS SCANNING OF CHLORINATED 
COMPOUNDS FROM INFLUENT 
                                                                                                                                                                 
 
 
m/z 
CNL  
(-36) 
CNL 
(-38) 
SRM 
(-36) 
SRM 
(-38) 
Assigned compound Comments 
131 
 

   
145 
 

   
179 
 

   
187 
 

   
194 
 

   
201 
 

   
206 
 

 
C7H5Cl2NS herbicide 
207 
 

 
C11H13ClN2 or epibatidine or 
     
C6H2Cl2O4 chloranilic acid 
208 
 

 
C10H8ClNO2 natural plant hormone found in legumes 
217 
 

   
227 
 

   
229 
 

 
C6H2Cl4O tetrachlorophenol-pesticide 
230 
 

   
243 
 
  Cl3C6H2COCl 
 
244 
 

   
246 
 

   
253 
 

 
C8H5Cl3O3 herbicide 
257 
 

 
C12H7Cl3 PCB 
259 
 

   
261 
 

   
262 
 

   
269 
 

 
C13H10Cl2O2 drug 
8
3 
                                                                                                                                                                 
 
 
m/z 
CNL  
(-36) 
CNL 
(-38) 
SRM 
(-36) 
SRM 
(-38) 
Assigned compound Comments 
270 
 

   
273 
 

 
C9H5Cl3N4 or pesticide or 9,10 bischloromethyl anthracene 
     
C16H12Cl2 
 
274 
 

   
281 
 

   
282 
 

   
286 
 
  
  
287 
 

 
C12H7Cl3O2 triclosan 
288 
 

   
293 
 

   
294 
 

 
C7H6ClN3O4S2 or Chlorothiazide-drug or 
     
C14H11Cl2NO2 diclofenac-drug 
297 
 

 
C8H31OCl linear molecule 
298 
 

   
301 
 

   
302 
 

 
C14H19Cl2NO2 Chlorambucil, chemotherapy drug 
307 
 

   
309 
 

   
310 
 

   
313 
 

 
C13H9Cl3N2O Triclocarbon 
314 
 

   
317 
 

   
318     
 
 
8
4
 
                                                                                                                                                                 
 
 
m/z 
CNL  
(-36) 
CNL 
(-38) 
SRM 
(-36) 
SRM 
(-38) 
Assigned compound Comments 
321 
 

 
C12H4Cl4O2 or a dioxin or chloramphenicol 
     
C11H12Cl2N2O5 
 
323     C11H12Cl2N2O3 or Chloramphenicol 
 

 

 
C16H14Cl2O3 Chlorobenzilate(pesticide)-banned after 1999 
345 
 

 
C16H5Cl3O2 Methoxychlor-insecticide banned in 2003 
346 
 

   
349 
 
  
  
351 
 
  
  
352     
  
362 
 
  
  
364 
 
  
  
365     C12H8Cl6 Aldrin-insecticide-banned 1974 
366     
  
367   
 
C14H9Cl5O Dicofol pesticide, chemically related to DDT 
376     
  
390     
  
391 
 
  C21H20Cl2O3 Permethrin-synthetic pesticide 
392 
 
  
  
 
 
8
5 
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APPENDIX E 
RESULTS FROM PRECURSOR ION SCANNING OF INFLUENT WASTEWATER 
FROM TWO DIFFERENT METHODS
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Precursor ions canning results from influents water 
Precursor 
Ion (m/z) 
Retention time (minutes) 
Precursor 
Ion (m/z) 
Retention time (minutes) 
Sucralose 
optimized 
method 
Triclosan 
optimized 
method 
Sucralose 
optimized 
method 
Triclosan 
optimized 
method 
108 
117 
119 
127 
141 
157 
161 
166 
 171 
180 
183 
186 
188 
 193 
197 
203 
206 
209 
211 
213 
215 
219 
220 
222 
231 
233 
234 
 237 
243 
10.178 
6.51 
6.525 
 15.341 
11.918 
14.201 
11.097 
11.921 
 
 
 
 9.981 
 
 7.235 
 
 8.572 
 10.67 
10.742 
11.873 
10.267 
 17.228 
10.76 
10.778 
12.088 
10.748 
 
10.02 
7.917 
7.924 
19.063 
20.209 
15.762 
18.86 
15.786 
17.084 
19.081 
8.342 
21.227 
15.413 
10.112 
15.664 
8.584 
 19.138 
19.198 
12.315 
21.129 
20.284 
 18.878 
 15.219 
21.809 
17.398 
17.452 
18.556 
 22.209 
321 
322 
 327 
 330 
331 
333 
337 
343 
346 
347 
349 
367 
369 
374 
377 
378 
381 
383 
387 
395 
397 
399 
427 
428 
431 
433 
441 
443 
 444 
9.751 
9.814 
16.923 
18.436 
21.293 
 20.765 
22.033 
 
 
 15.864 
12.169 
18.89 
18.974 
6.838 
14.267 
14.255 
16.162 
17.84 
 7.405 
7.438 
12.237 
17.5 
17.5 
7.4 
7.4 
7.42 
7.456 
14.422 
14.425 
 
 
 20.009 
 21.111 
 
 24.845 
24.851 
18.622 
 
 
 
 10.103 
 22.233 
 
 21.585 
10.276 
10.27 
19.198 
 
 10.3 
10.342 
10.303 
10.339 
22.83 
22.83 
88 
 
 
 
Precursor 
Ion (m/z) 
Retention time (minutes) 
Precursor 
Ion (m/z) 
Retention time (minutes) 
Sucralose 
optimized 
method 
Triclosan 
optimized 
method 
Sucralose 
optimized 
method 
Triclosan 
optimized 
method 
253 
259 
262 
263 
 
273 
 277 
 287 
 289 
 
 313 
315 
317 
 
26.164 
12.237 
 7.817 
 
7.25 
 4.608 
9.76 
 
 
 
 
 
 
 
 
 
 20.347 
20.2 
9.3 
 
10.175 
18.807 
 
 15.153 
23.37 
11.479 
15.153 
23.343 
18.663 
18.699 
18.666 
 
468 
475 
487 
 
488 
 
 
493 
527 
537 
581 
633 
634 
669 
713 
723 
724 
 
3.886 
10.805 
7.784 
8.217 
 
 
 
7.277 
 7.495 
7.718 
 
 8.109 
8.351 
 
 
 
 
 12.246 
 
11.193 
 
 
10.372 
11.634 
12.139 
25.236 
25.304 
12.933 
13.342 
24.37 
24.4 
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